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Kaylock captive washer nuts cut costs -insure reliability! 

Save the cost of buying, stocking, distributing and assembling separate washers. Do away with time lost looking 
for wayward washers. The Kaylock HW14 is a pre-assembled unit, a locknut with an integral free spinning washer 
which can't be lost during installation or removal. As there are no separate washers to fall into inaccessible places, 
this eliminates a cause of short circuits and malfunction of mechanisms. 

The'HW14 "captive washer" nuts employ Kaylock's patented elliptical MIL-N-25027 approved locking device... 
the utmost in reliability. This combination washer-nut is a development of Kaynar Mfg. Co., Inc., world's oldest 
and largest manufacturer of lightweight all-metal self-locking nuts. Available in eight thread sizes, from #2-56 
through %-24, in steel for 500° applications or in A286 for 900° applications. Write today for the Kaylock HW14 
brochure— or contact your Kaylock representative. 



! 87,000 



DDP expanded to 24 bits 
Faster arithmetic unit 
Comprehensive software 


COMPUTER CONTROL COMPANY. INC. 

‘hTD^^ai^tiUTBp'^over^ill ton! 010 CONNECTICUT PATH; FRAMINGHAM. MASS. • 22S1 BARNT AVENUE, EOS ANGELES (4, CAIIF. 



To reduce the size of a TWT...just squeeze it! 



To keep Sperry TWT’s sized for today's aerospace sys- 
tems, we apply a little pressure ... on the stainless steel 
shell of the tube. This lets us insert the helix and its 
support rods into the shell without using the conventional 
straps and springs. We can use smaller support rods. 
Smaller magnets too. The whole tube becomes smaller, 
lighter, stronger. 

When the pressure is released, the shell springs back 
into shape, clamping the whole helix assembly firmly in 
its proper place. 

Sperry's squeeze technique has already reduced the 
size of advanced new TWT's like the STL-280, STC-180B, 
and STX-310, and it is being used in several current TWT 
development programs. Other successful techniques add 
to our pride in our size and weight reduction program. 
These include higher perveance guns, improved magnets, 
and shorter attenuators. 

A NEW TECHNICAL PAPER gives scientific and en- 
gineering details on the highly successful Sperry effort 
to reduce size and weight across the entire TWT line. 
For your free copy, write Sperry, Gainesville, Florida, or 
contact your Cain & Co. representative. 


AEROSPACE CALENDAR 


Mav 27-28— Seventh National Conference 
on Product Engineering & Production, 
Institute of Electrical and Electronics En- 
gineers, Continental Hotel. Cambridge, 

May 27-28— 23rd National Meeting, Opera- 
tions Research Society of America, Shera- 
ton Hotel. Cleveland; Ohio. 

May 27-29— 17th Annual Frequency Control 
Symposium, Shelburne Hotel, Atlantic 
City, N. J. Sponsor: U.S. Army Elec- 
tronics Research & Development Labora- 

June^i-H— Third Annual Reliability Insti- 
tute, University of Connecticut, Storrs, 
Conn. 

June 3-5— Symposium on Materials and Proc- 
esses for Space Power and Primary Pro- 
pulsion, Society of Aerospace Material 
and Process Engineers. Bellevne-Stiatford 
Hotel. Philadelphia. Pa. 

June 3-5— Spring Lubrication Symposium. 
American Society of Mechanical Engi- 
neers. Hotel Somerset, Boston, Mass, 

June 3-11— COSPAR Fourth International 
Space Science Symposium and Sixth 
Plenary Meeting. Warsaw. Poland. 

June 4-6— 1 7th Annual Convention and Ex- 
hibition. Armed Forces Communications 
&■ Electronics Assn., Shcraton-Park Hotel, 
Washington, D. C. 

June 4-6— Ninth Annual Radar Symposium. 
(Secret), conducted by the University of 
Michigan at Fort Monmouth, N. J. 
Sponsors: USA; USN; USAF. 

(Continued on page 7) 


SEVEN REASONS WHY THE 
UPPER RIGHT HAND CORNER 
OF YOUR NEXT GENERAL PURPOSE 
DIGITAL COMPUTER WILL LOOK LIKE THi 



■ Reliability increased by an 
order of magnitude 

■ The only high speed, low cost 
computer with Fortran II 

■ Add time: 16 p sec. Multiply 
time: 32 psec. 

■ Silicon semiconductors used 
throughout 

■ Floating point and multi-pre- 
cision operations 

■ Built in buffers: five integral 
input/output systems 
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■ Priced up to $50,000 under 
comparable machines 

In scientific/engineering applica- 
tions, SDS 900-Series computers 
give more answers per dollar, more 
reliably, than comparable ma- 
chines. The SDS 920 costs $98,000. 
The smaller SDS 910 costs only 
$48,000. Although both are new 
from the ground up (the first unit 
shipped in August, 1962), alert 
users such as JPL, Bell Labs., 
NASA, Motorola, G.E., Honey- 
well and RCA are already on the 
customer list. Care to join them? 



SCIENTIFIC OATA SVSTEMS 
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For radiography— it's Ansco best by definition 



For the most critical inspection use the finest-detailed. 
American X-ray film— Ansco Superay H-D! 


The most minute of all flaws register on 
Ansco Superay' 1 H-D Film — highest-defi- 
nition X-ray film ever made in America 1 
This ultra-fine-grain Class I film is 
widely used in the missile industry as well 
as in the overhaul and inspection of com- 
mercial aircraft. 

You would do well to ask your Ansco 


Man for a demonstration of H-D. Or for 
details, write Ansco X-ray Sales, General 
Aniline & Film Corp., Binghamton, N. Y, 


IsdFl Ansco 

l_2 I PHOTO PRODUCTS OF 



AEROSPACE CALENDAR 

(Continued from page 5) 

4-6— National Electronic Packaging and 
xluction Conference, Coliseum, New 
rk, N.Y. 

6-7— Symposium on the Exploration 
of Mars, Denver Hilton Hotel, Denver. 
~ ‘ . Sponsor: American Astronautics! 


1 Societ 


: of 


Biological Sciences, AIAA Rocky Moun- 
tain Sections, NASA. 

» 7-8— 14th National Maintenance & 
Operations Meeting, Reading Aviation 
Service, Reading, Pa, 
ic 7-16— 25th French International Air 
ihow, Lc Bourgct, Paris, France, 
e 10-28— Symposium on Lubrication and 
Wear, University of Houston, For in- 
formation: Dr. D. Muster, Dept, of Me- 
chanical Engineering. University of Hous- 
ton. Houston 4, Tex. 

.une 11-14— Symposium on Plasma Space 
Science, The Catholic University of 
America. Washington, D. C„ with the 
support of NASA and Goddard Space 
Flight Center. 

June 12-14— Heat Transfer and Fluid Me- 
chanics Institute, American Institute of 
Aeronautics and Astronautics, California 
Institute of Technology. Pasadena, 
ic 13-15— Great Lakes Nary Research and 
Development Clinic, Ohio State Univer- 
sity, Columbus, Ohio, conducted bv the 
Office of Naval Materiel. 

une 17-20— Summer Meeting, American 
Institute of Aeronautics and Astronautics 
(AIAA), Hotel Ambassador, Los Angeles, 
ne 17-21 — Summer General Meeting. In- 
stitute of Electrical and Electronics " 
gincers, Toronto, Canada, 
ic 18-20-41 st Meeting. Aviation 
tributors and Manufacturers Assn., Cha- 
teau Frontenac. Quebec, Canada, 
ic 19-21— Fourth Joint Automatic Control 
Conference, University of Minnesota. 
Minneapolis, Minn. Sponsors: American 
Institute of Chemical Engineers; Institute 
of Electrical and Electronic Engineers; 
American Society of Mechanical Engi- 
neers; Instrument Society of America, 
e 23-28— 66th Annual Meeting, Ameri- 
an Society for Testing and Materials, 


te-Haddon Hr . 
e 26-27-1 0th Annual Sympos 
Computers and Data Processing. 


City. 


:. Elkhot 


e 26-27-5 

Problems — I leiicoptcr 
Statler Hilton Hotel. I 


Lodge. Estes Park. Colo. 


and V/STOL, 
lalo. N. Y. Spon- 
ronautical Laboratory; 
Army Transportation Corp. 
ne 28-July 3— Second Annual Dorado Fly- 
In, Dorado Beach Hotel, Dorado, P. R. 
ly 7-11— Seventh National Conference on 
Aerospace Education, National Aerospace 
Education Council, Hotel Deauville, Mi- 
ami Beach, Fla. 

ly 9-11— International Symposium on Space 
Telecommunications, Institute of Elec- 
trical and Electronic Engineers' Profes- 
sional Group on Antennas and Propaga- 
tion, Boulder Laboratories, Boulder. Colo, 
ly 10-12— Meteorological Support for 
Aerospace Testing and Operation. Amer- 
ican Institute of Aeronautics and Astro- 
(Continued on page 9) 


Giant klystrons, which are providing megawatts of peak power for space radar 
systems, are part of the extensive line of Litton microwave tubes and display 
devices. San Carlos, California. In Europe, Box 110, Zurich 50, Switzerland. 


ffl LITTON INDUSTRIES 

ELECTRON TUBE DIVISION 



PROBLEMATICAL RECREATIONS 171 



The consumption of coal by a locomotive varies as the square of 
the speed. Other operating expenses (exclusive of coal) are S72 
per hour. If the price of coal is $10 per ton and at a speed of 
25 mi/hr the locomotive uses 5 tons per hour, what is the mini- 
mum cost of a trip of 100 miles? —Contributed 

Over a thousand transformers are listed in the new Triad Industrial 
Transformer catalog from (who else!) our Triad Transformer 
Division. Included are new types of low frequency, low pass filters; 
low frequency, high “Q" reactors; 400 cps band pass filters and 
rejection filters, and telemetering filters. Ask for Catalog 
TR-63/64 from; Triad Distributor Division, 305 N. Bryant Street, 
Huntington, Indiana. 


answer to last week’s problem : Each is making — • — : 
times the original salary. 


99 

100 


□ LITTON INDUSTRIES, INC. 

Beverly Hills, California 
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When millions of dollars depend on batteries, decisions must De 
made with exacting care. That's why design engineers in most 
U.S. missile, rocket and satellite development programs depend 
on Sonotone rechargeable sintered-plate, nickel-cadmium cells 
and batteries to do the jobs where reliability counts most. 

And that’s why Sonotone batteries have been used in the Titan, 
Redstone, Thor, Corporal, Polaris, Tartar, Hawk, Hound Dog, Talos, 
Nike, Quail, and Terrier — as well as in many others, including 
the Snark, Sparrow and Skybolt. 


Sonotone pioneered in the development of high-surge/ low- 
weight rechargeable batteries. No company has a better record 
for reliability ... or a better reputation for working with design 
engineers to solve portable power problems. So whether you’re 
designing rockets or razors, why not let Sonotone put its un- 
matched experience to work for you? Write today for technical 

tion requirements, and Sonotone Batteries 

we'll get to work right away, portable power for progress 


Battery Division, Dept. BS2-532, Sonotone Corporation, Elmsford, New York 
Aircraft Batteries • Missile Batteries • Satellite Batteries • Power Supplies • Battery Chargers • Audio Products • Hearing Aids 





Successful experience ... the plus that 
isn’t written into space facility contracts ! 


When specifications call for facilities capable of 
performance parameters never before attained, 
and, in addition, capacity for future updatings, 
it is logical to look for a supplier with a success- 
ful background of accomplishment in this spe- 

Stokes designed and built the first Goddard 
space chamber, NASA’s ”8 by 8.” This thermal- 
vacuum chamber, capable of a simulated 200- 
mile altitude, is still in full-time use for satellite 
systems check-out prior to launch. Other im- 
portant Stokes first-of-a-kind facilities: 

G. E. Missile and Space Division: Four 5' X 5' 
component testing chambers regularly attain- 
ing vacuums in the 10-* Torr range, using 
20°K cryopumping. 

G. E. Missile and Space Division: Three 39' 
diameter spherical chambers, utilizing the dense 
gas helium cryopumping techniques proved in 
the 5' x 5' chambers. These large units (one of 
them is shown above) reached 10' 10 Torr during 
initial operation. 

Bell Telephone Laboratories: 9' diameter, 13' 
long environmental-simulation chamber with 
liquid nitrogen cooled shroud. 10 ' J Torr has 
been demonstrated. 


NASA, Goddard Space Flight Center: Vacuum and 
cryogenic systems for two chambers, 35' in 
diameter and 60' high. These SES and DTC 

advanced NASA space vehicles and probes. 
SES chamber cryopumped to 10- 10 Torr during 
acceptance tests. 

Douglas Aircraft Corporation: Three earth-orbit 
simulators, the largest a 39' sphere, for testing 
spacecraft scheduled for manned flight. (In 
construction.) 

Working in close association with CryoVac as 
supplier of cryogenic systems, Stokes is able to 
offer more "in house” capability than any other 
supplier in the specialized field of space simu- 
lation facilities. This capability covers engineer- 
ing design, construction, field erection, accept- 
ance and performance testing. 

Stokes will gladly put this integrated capa- 
bility and its practical experience at your dis- 
posal on a project management, single source 
or turnkey basis. Write: Space Systems Depart- 
ment, F. J. Stokes Corporation, 5500 Tabor Road, 
Philadelphia 20, Pa. 



F. J. STOKES CORPORATION: PHILADELPHIA /LONDON /TORONTO 


12 



LIVE RECKONING.. .ON OROFFTHE EARTH 

guidance control for every class of vehicle— aircraft; surface vessels and submarines; guided and ballistic missiles; 
space hardware. / ITT System concepts and ITT equipment implement today's basic radio navigational systems— 
including the global networks of TACAN, VORTAC, LORAN and OMEGA. This is also true of the Instrument Landing 
Systems and Distance Measuring Equipment in general use today. SAC aircraft and POLARIS submarines use ITT 
Systems to assist in position-fixing. Important developments in guidance... attitude orientation... infrared systems 
...beacons... ground control, monitoring and tracking... originate in the divisions of ITT. / International Telephone 
and Telegraph Corporation. World Headquarters: 320 Park Avenue, New York 22, New York. 




PROVEN PERFORMANCE: 

Operating its fleet of Argosy freighters over 8,150 miles daily 
on two LOGAIR scheduled cargo routes ranging from Maine 
to Texas, Capitol Airways maintains a reliable performance 


MODERNIZATION: 

The only uncompromised freighter operated in both military 
and commercial service, Capitol's turbine-engined Argosys 
achieve a turn-round time— including unloading and reloading 
—of 30-40 minutes. Contributing factors are: 

1. Simultaneous loading atfront and rear ends of thefuselage. 

2. Truck-bed level height of cargo floor. 

3. Rollerized palletization system. 



CAPITOL 


OUTSIZE CARGO 

Full use of the unobstructed cabin envelope permits accommo- 
dation of outsize cargo up to 8ft. wide, 6ft. high and 47ft. long. 

THE ARGOSY 

(or ALL FREIGHT 


Just ask Capitol Airways 


The Argosy is built by Whitworth Gloster Aircraft Ltd., Coventry, England, a member of 

HAWKER SIDDELEY AVIATION 

32 Duke Street, St James's, London, S.W.1. • U.S. rep: Arthur V. Norden, 551 Fifth Avenue, New York 17, Tel: Oxford 7-2890 



For electronic equipment that must perform dependably 
in the presence of nuclear radiation fields 


SPECIFY RCA NUVISTORS 


The RCA nuvistor is in the class of active electronic-circuit components 





turbine-powered 
helicopters 


Time was when helicopter transmission bearings could 
be selected right from the catalogs. But no more. In 
turbine-powered 'copters, especially, many gearbox bear- 
ings must be custom-engineered. 

Fafnir is a major supplier of such bearings — and the leader 
in applying advanced computer techniques to bearing engineer- 
ing. The gearbox bearings shown above are good examples. 

The application demanded extremely rigid shaft support and high running 
accuracies under conditions of severe vibration. Bearing load capacity, 
weight, and size were critical, too. 

An IBM 7090 computer analysis helped Fafnir engineers explore design 
alternatives and determine optimum bearing characteristics. Result: a 
duplex set of angular contact bearings precisely engineered for maximum 
performance and load-life requirements. 

Chances are, the "computer approach" at Fafnir can help you meet critical 
needs precisely . . . and with utmost reliability. Investigate. Remember: 
"Fafnir” on your bearings assures sound engineering . . . highest quality . . . 
full value at a fait price. The Fafnir t 

Bearing Company, New Britain, Conn. j,:L_ ®y I 

BALL BEARINGS 



A world of CUSTOM COATING SERVICE 
for the "hot” wear problems of aerospace! 


A new era of high temperature and wear resistance for 
airborne working surfaces has been “orbited" by LINDE’s 
Complete Custom Coating Service! 

Every coating facility— from metallurgical research 
through development, production, and testing— is avail- 
able for the application of coatings of tungsten carbide, 
aluminum oxides, and pure metals to provide top thermal 
resistance and optimum service life. 

LINDE— the “ one-stop " coating source— evalu- 
ates and specifies the right material and coating 
thickness, the right coating process— utilizing 
either LINDE’s Flame-Plating “detonation gun” 
technique, or Plasma-Plating with its operating 
temperatures ranging up to 30,000° F. 

With the industry’s widest experience in metal- 
lic coatings, LlNDE's Complete Custom Coating 


Service has the answer to your “hot” wear problems— re- 
gardless of the basic material, size, or configuration of 
the piece involved. If the answer isn’t on our shelf —we’ll 
research to get it! 

Many of today’s important aerospace parts have suc- 
cessfully used Flame-Plated coatings — such as the com- 
bustion chamber of the Agena satellite rocket engine, 
aircraft valves, compressor blades, turbine engine 
seals, rocker arms, and many others. For many 
industrial parts. LINDE’s “prescription” coatings 
have increased service life as much as 40 times! 

Write for full information today — to Flame 
Plating Dept., Linde Company. Division of Union 
Carbide Corporation, 1245 Main St., Indianapolis 
24, Ind. In Canada: Union Carbide Canada Lim- 
ited, Linde Gases Division, Toronto 12. 


LINDE 


COMPANY 



FLAME-PLATING: TOMORROW S COATINGS ... FOR TODAY S WEAR PROBLEMS 
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WITH THE WORLD’S FIRST JET FREIGHTER, the DC-8F, Douglas again leads the way across an 
aviation frontier. This great new cargo transport, which made its initial flight last November, brings new 
dimensions of speed, capability and economy to air freight. 

The DC-8F’s performance is equal in all respects to that of its luxurious passenger counterpart, the 
DC-8, which has flown faster, farther, and higher than any other jetliner. The new cargo jet will airlift 
almost 50 tons of freight and has a productivity potential of 75 million ton miles per year. 

Incorporated into the DC-8F cabin is the most modern and efficient system for swift, secure cargo 
handling in the entire field of air freight. It is equally effective in handling both pallet and bulk cargo. 


THE DC-8F is bun, b V DOUGLAS 


EDITORIAL 


Press On!! 


The 22-orbit space flight of Air Force Maj. Gordon 
Cooper in Faith 7 marks a significant change in the char- 
acter of the U.S. manned space flight program. With 
this historic 34-hr. mission, Project Mercury has emerged 
from its experimental flight test program to the begin- 
ning of an operational capability that hopefully will come 
to fruition in the Gemini and Apollo missions. The 
hallmark of "routine" was stamped on Maj. Cooper’s 
flight from the practically perfect launch of the Atlas 
130-D booster to the precisely executed recovery. This 
may have disappointed daily newspapers with its paucity 
of exciting headlines, but it was a tremendous thrill for 
everybody who has worked on manned space flight. This 
uniform precision provided the genuine technical impact 
of Faith 7’s performance as a major milestone in man’s 
march toward the stars. 

The flight of Faith 7 and its laconic pilot demonstrated 
a sustained precision in its round-the-clock operations 
that gives more of an inkling of what lies ahead in 
manned space flight than did the initial experimental 
flights of Astronauts Shepard. Grissom. Glenn, Car- 
penter and Schirra— although the last provided the first 
faint glimmering of this future for those sufficiently per- 
ceptive to understand. 

It is an inevitable historic trend that as new technology 
is transformed from the spectacular experimental stage 
to reliable operational use, peripheral public interest lags 
almost in proportion to the increase in technical signif- 
icance. For example, the world press could write about 
little else for months after Charles Lindbergh made the 
first solo transatlantic aircraft flight from New York to 
Paris just 36 years ago this month. Last year more than 
two million people followed his trail across the trans- 
atlantic airway— most of them in jet transports taking 
about one-fourth the time of Lindbergh’s flight. Yet only 
a few obscure statistical paragraphs in the daily press 
recorded this tremendously significant perspective on the 
trail Lindbergh blazed. 

Mercury's Solid Foundation 

And so it is likely to be with manned space flight, 
as it passes from the experimental flight-test phase into 
reliable operational performance. The relaxed and skill- 
ful piloting of Maj. Cooper in a well-proved McDonnell 
spacecraft, supported by an incredibly efficient earth- 
based tracking, communications, and control system on a 
continuous schedule with round-the-world capability is 
less exciting than the first breathless attempt of man 
simply to survive short-duration space flight. But it is 
the type of foundation on which future capability can 
be built solidly. 

Whether or not there is an MA-10 flight (AW May 
13, p. 34), the Bight of Faith 7 marks the fulfillment of 


the original Project Mercury technical goals with suffi- 
cient excess performance to write a fine, flourishing finish 
to this program. Mercury is a superb example of what 
America’s technology can accomplish when it is given 
a clear goal and sustained support over the required time 

Mercury must go down in history as one of the most 
successful technical programs this nation has ever had. 

Its managers and operators— Bob Gilruth, Walt Wil- 
liams, Ken Klcinknecht, Max Fagct. Chris Kraft. George 
Low and their cohorts— its pilots and the personnel of 
the global tracking and communications network organ- 
ized by Goddard Space Flight Center, all deserve an 
accolade. Never has a national technical program been 
better supported by the aerospace industrial contractors 
who produced its hardware. Nor was there any stinting 
in support for NASA on this project by other government 
agencies, such as the Air Force with its missile test range 
and biomedical capability, the Navy with its recovery 
forces, and the Weather Bureau. 

The Only Flaw 

The only flaw in the Mercury history, and this is cer- 
tainly no fault of anybodv in the program, is that it was 
not a pioneering effort in which this nation led the 
world and truly opened man’s eyes to the universe around 
him. It is a sad historic fact that this nation was pushed 
into space by the Soviet Union— a country that we had 
mistakenlv regarded as too backward to compete in 
modem technology. The Soviet Union put tire first man 
into orbital flight. It has continued with a hard-driving 
program that has leaped forward in technical increments 
of surprising magnitude. Without question. Russia still 
is the world leader in manned space flight operations with 
the 1962 performance of its space twins, Maj. Nikolavev 
and Col. Popovich, and their simultaneous three- and 
four-day orbital flights. 

However, without Mercury and the dogged stern 
chase its men have been waging with the Soviets for the 
past five years, this nation would be hopelessly outclassed 
in space technology instead of now pulling into a position 
to challenge the Russians seriously for the first manned 
lunar landing. It is interesting to note that only the 
achievement of the Soviet space twins surpasses Maj. 
Cooper's 34-hr. space flight, in which he exceeded Soviet 
Cosmonaut Titov’s performance by some five orbits and 
10 hr. 

Mercury’s achievement has laid a solid foundation for 
the U. S. manned space flight program. The more chal- 
lenging and complex tasks of Gemini and Apollo lie im- 
mediately ahead. The message of the Mercury perform- 
ance should ring out clearly to the American people— 
Press On! ! —Robert Hotz 
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Steady as a Rock 


Smooth as Silk 


Fast as Lightning 



KAMAN AIRCRAFT CORPORATION, BLOOMFIELD, CONNECTICUT 


WHO’S WHERE 


In the Front Office 

Grumman Aircraft Engineering Corp., 
Bethpage. N. Y , has appointed the follow- 
ing corporate officers as senior vice presi- 
dents: Llewellyn J. Evans, Richard Hutton, 
and George Tittcrton. The following exccu- 

Grant Hedrick, A. James Ziisi. and j. B. 
Rcttaliata. 

Leonard J. Heilman, president. General 
Technology Corp., Torrance, Calif. 

Paul M. Kuellcr. president, Genisco, Inc.. 
Los Angeles, Calif., succeeding E. C. Burk- 
hart, who continues as board chairman. Also: 
John F. Harrison, president, Eldcma Corp., 
a Cenisco subsidiary. 

George E. Johnson, chairman. Houston 
Fearless Corp., Beyerlv Hills. Calif., succeed- 
ing Noah Dietrich. Fred C. Mchncr suc- 
ceeds Mr. Johnson as president and chief 
executive officer. 

Col. Donald A. Olson (USAF. ret.), assist- 
ant for administration to the president of 
the Aerospace Group, General Precision. 
Inc.. Little Falls. N. J. 

Capt. Fred W. Kittlcr (USN, ret.), tech- 
nical assistant to the president of TRG, Inc., 
and head of the new Washington (D.C.) 
Office. 

Robert F. Gabarini, chief engineer of the 
Air Armament Division of Sperry- gyroscope 
Co., will become director of the National 
Aeronautics and Space Administration’s Of- 
fice of Application, as of July 1, succeeding 
Morton J. Stollcr, who becomes deputy to 
Mr. Gabarini and special assistant to James 
E. Webb, NASA administrator. 

Honors and Elections 

Pan American-Grace Airways, Inc. has re- 
ceived the Chilean Air Force's Will of 
Flight Trophy in recognition of the airline's 
valuable contribution to Chile's aviation and 
to the development of air travel between the 
United States and South America. 


Changes 

Col. Telford S. Byington, chief, Recon- 
naissance Div., Air Force Avionics Labora- 
tory. Aeronautical Systems Division (ASD), 
Air Force Systems Command. Wright-Pat- 
terson AFB. Ohio, succeeding Col. Roger 
K. Rhodarmcr. now chief of the Reconnais- 
sance System Program Office. ASD. 

Col. Paul S. Bechtel (USAF. ret.), former 
chief of the Ballistic Missile Defense Div.. 
Headquarters NORAD, is now special proj- 

dent, Western Electrodynamics. Inc.. Colo- 
rado Springs, Colo. 

Col. Frank M. Townsend, vice com- 
mander, Aerospace Medical Division, Brooks 
AFB. Tex., replacing Col. Robert H. Blount, 
now senior USAF medical representative to 
Supreme Headquarters Allied Powers in 
Europe (SHAPE), Paris, France. Also: Lt. 
Col. Stanley C. White, former chief of the 
National Aeronautics and Space Administra- 
tion Manned Spacecraft Center's Crew Sys- 
tems Div., will report to the Aerospace 
Medical Div., Brooks AFB. in July for ’ ' 
with the deputy chief of : ' " 

and Development. 

(Continued on pj 
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INDUSTRY OBSERVER 

► Operational tests of Goodyear Subroc system, delayed when the first system 
was lost aboard the Thresher, are scheduled to begin soon. Weapon is 
launched like a torpedo; after clearing the tube, its solid-propellant rocket 
motor ignites and Subroc flics out of the water. Inertial guidance directs 
it toward the enemy submarine target. Thrust reversal is programed to sepa- 
rate warhead from body: warhead coasts to target in free flight. 

► Sprint anti-missile missile, under development by Martin-Orlando for 
Anny Missile Command, is to use all-movable fins instead of trailing-edge 
control surfaces. Method shows both weight and hinge-moment reductions, 
but increases thermal problems. Army may supply propulsion system for 
Sprint as government-fumished item. 

► Vela Hotel nuclear blast-detection satellite is planned for operational life- 
time up to three years. Two of the satellites will be detached from Agena D 
spacecraft successively for dispersion in a circular orbit of approximately 
40,000-naut. mi. altitude. Orbit should be attained at apogee of transfer 
orbit from parking orbit. Altitude will keep the satellite out of perturbing 
effects of earth’s magnetic field. Six of the satellites are estimated as neces- 
sary to give sufficient backup to ensure global coverage. 

► Some British observers of the Anglo-French supersonic transport program 
believe the French arc using the project to increase their own technology 
in areas where the British already have capability, experience and facilities. 
One example cited is airborne radar; Sud Aviation is expanding its effort in 
this field although Britain already has extensive capability. 

► NASA/McDonnell Gemini two-man space capsule will have a total velocity 
capability of about 700 ft./sec. from its on-board propulsion system (AW 
May 13, p. 53). Capability could be increased to 2,500 ft./sec. depending 
on the amount of residual propellant in the Lockheed Agena stage after 
rendezvous and docking of the capsule with that stage. 

► Industry proposals for payloads suitable to fly piggyback on Block 4 
Ranger lunar spacecraft (RA10-12) and to be principal payloads for Block 5 
Rangers (RA13 and beyond) are being reviewed by NASA headquarters. 
Block 5 spacecraft are expected to have hard-landed survivable capsules of 
the type employed in Rangers 3 through 5. Each Block 4 spacecraft, the 
first of which is to be launched this year, will cany as its main payload a 
package of six vidicon cameras for lunar closeups prior to spacecraft impact. 

► Ground-based, non-nuclear satellite interception and disabling system 
techniques are to be studied during the next six months for Advanced 
Research Projects Agency by Boeing, Hughes, Ling-Temco-Vought, RCA 
and Space Technology Laboratories. Series of ARPA studies on space-based 
intercept and nuclear-kill system techniques is expected to follow. 

► Site near Woomcra, Australia, may be one of the two landing areas for 
the Apollo capsule after its return from a lunar-landing mission. Other site 
considered is in the southwestern United States. 

► Unresolved differences among military services has delayed issuing a 
standardized designation list of missiles similar to the one issued for air- 
craft last year. Office of the Air Force Deputy Chief of Staff for Systems 
and Logistics is coordinating the project. 

► Navy will convert all North American A-5A and A-5B Vigilante carrier 
attack bombers into the A-5C reconnaissance version. About 55 aircraft 
will be affected. Difficulties with bomb ejection system were partly respon- 
sible for the decision. 

► Royal Air Force may retrofit its Avro Shackleton maritime-reconnaissance 
piston-engine bombers with additional powerplants— two Bristol Siddclev 
Viper turbojets— to give the long-range airplane more loiter capability. If 
approved, retrofit would extend Shackleton capability pending completion of 
new requirement for an all-jet replacement aircraft (AW Mar. 1 1, p. 275). 
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SATELLITE THERMAL BALANCE is confirmed by experimental verification of theoretical 
analysis. Such early confirmation is the key to reliable spacecraft development at Bendix 
where complete facilities support major programs from concept to flight test. Engineers in 
the space technologies can learn more of these challenges by contacting our Personnel 
Director, Bendix Systems Division, Ann Arbor, Michigan, an equal opportunity employer. 


Bendix Systems Division 


WHERE IDEAS 
UNLOCK 
THE FUTURE 


Save-tlie-RS-70 Drive 


NASA Budget Push 


TFX Flying Competition 


GOPs Bug Grumman 


Washington Roundup 

North American is trying to save the RS-70 program by offering to fly the first 
prototype as early as August, rather than wait until next year so all the minor structural 
problems can be corrected. But it is not certain whether Air Force Secretary Eugene 
Zuckert. who favors the RS-70 project, will get any encouragement for an early test 
flight from Defense Secretary Robert McNamara, who opposes it (AW May 13, p. 23). 

Prospect of the RS-70 being killed deeply concerns congressional leaders who 
already feel the Kennedy Administration is placing too much reliance on ICBMs. Most 
of them are rescuing comment until they hear from McNamara directly on the RS-70’s 
future, but Rep. Gerald Ford, Jr., ranking Republican on the House Defense Appropria- 
tions Subcommittee, said it “would be a breach of faith with Congress" for McNamara 
to do less than fully test the three RS-70s already authorized. 

Afterglow from Astronaut Gordon Cooper’s successful flight (see p. 26) probably 
will not last long enough to soften congressional critics of the space agency's $5.7-billion 
Fiscal 1964 budget. The earliest the first budget bill can reach the House floor is June, 
because of space committee work still to be done. 

NASA Administrator James Webb is combating skeptics by arguing the space 
program is building the foundation for continued U. S. leadership of the world (AW 
May 13, p. 23). He told the Second National Flight Forum Symposium at Hartford. 
Conn., that. “Those who view the lunar program simply as a propaganda effort fail 
to grasp that not only our prestige, but our capacity for constructive international 
leadership, our economic and military capacity' for technological improvement, depend 
upon our ability' to achieve acknowledged superiority in science and technology, and to 
use this capability in our own behalf and that of our allies.” 

House Government Information Subcommittee this week will challenge the 
National Aeronautics and Space Administration’s handling of the Satellite Situation 
Report. Subcommittee wants to know why the amount of information released varies 
from report to report and whv Russian space failures are not disclosed. George Simpson, 
NASA assistant administrator in charge of the report. Ls to testify May 21. 

Chairman John McClellan of the Senate subcommittee investigating the F-lll 
(TFX) contract award is still convinced that an actual flying competition between rival 
prototvpes is the best wav for the government to select an aircraft. 

He said General Dynamics’ arguments against such a competition failed to persuade 
him otherwise (AW May 13, p. 27). Sen. McClellan emphasized this did not neces- 
sarily mean lie will recommend a flying competition between General Dynamics and 
Boeing to determine which has the better F-lll. But he feels that requiring such actual 
competition in the future would assure the taxpayers of getting the most weapon for 
their dollar. 

Although the Rand Corp. report on prototype competition (AW Apr. 22, p. 31) 
was placed in the hearing record, the authors themselves were not called to testify 
because they do not believe their findings apply to the F-l M case. 

Grumman Aircraft, associated with General Dynamics in the politically-heated 
TFX project, has drawn some political fire on its own. Four New York Republican 
Congressmen have accused the company of pressuring subcontractors to contribute to 
the Nassau Democratic Countv Committee. 

J. B. Rettaliata, Grumman vice president, sent letters on company stationery to 
subcontractors and others declaring: “It is our hope that you will join with other inter- 
ested and responsible people concerned with good county government and take a full 
page ad in the journal for the county committee’s annual dinner June 1. Full page 
ads ran as high as $3,000. Rettaliata, a registered Republican, said no one else at 
Grumman knew anything about the letters. He said he wanted to promote two-party 
government in Nassau County, adding: “I should not have used any title as a corporate 
officer or company letterhead for this purpose." Grumman President E. Clinton Towl 
disavowed the letter and said he was “shocked" it was sent. 

Reps. Frank Becker, Steven Derounian, James R. Grover and John Wydlcr said 
that the letter gave assurance that contributing to the county committee would fulfill 
obligations to the National Democratic Committee. They said the letter was “another 
example of pressure being exerted by the Kennedy Administration on small businessmen 
who depend on defense contracts.” 

Anny Secretary Cyrus Vance deepened Air Force fears about Amiy aviation ambi- 
tions bv declaring last week that turning to aircraft “is as inevitable as the turn from 
the horse to the truck." He predicted "air mobility may ultimately produce a tactical 
revolution as profound as the initial mechanization of land warfare.” 

Pacific Missile Range officials could sympathize with tlicir Atlantic counterparts 
when such an everyday item as a diesel engine caused a hold in the first MA-9 count- 
down last week. Na\ has asked industrv to develop a "railroad train sensing and posi- 
tion indicating system" for PMR. The device would warn of approaching Southern 
Pacific trains so Pt. Argucllo and Vandenberg AFB range safety officers could halt mis- 
sile countdowns until the trains had rumbled through the range. -Washington Staff 




Cooper Flies Almost-Perfect 22 Orbits 


Cape Canaveral— Longest and most precise U.S. manned space night 
ended successfully May 16 when Maj. Gordon Cooper landed his Faith 7 
Mercury capsule 7.000 yards from the prime recovery ship 34 hr. 20 min. 20 
sec. after launch, despite potentially hazardous component failures that 
developed on the last four orbits of the 22-orbit mission. 

Cooper, the fourth U.S. astronaut to fly an orbital mission, was forced 
to bypass the automatic attitude control system and to fly the capsule 
manually through the entire re-entry sequence. He used flv-by-wire from the 


time he positioned Faith 7 for re-enti 
deployed at about 10,000 ft. above the 

He was lifted to the deck of the 
carrier Kearsarge by crane at 8 p. in. 
EDT, 36 min. after he landed at 7:24 

p.m. 

He blew the hatch of his capsule 
at 8:05 p. m. and physicians on the 
carrier who examined him then said he 
was in good condition. 

Cooper's flight had been normal to 
the point of being routine through 19 
orbits. As he was completing the 19th. 
he reported to the Hawaiian tracking 
station that his 0.0 5g indicator light 
came on when lie dimmed the lights on 
his instrument panel. The indicator 
light is a critical part of the automatic 
sequencer, and it normally illuminates 
only after retro-fire, as re-entry gravity 
forces begin to build. 

At first, it was believed that the in- 
dicator had lighted because of a faulty 
circuit. But tests performed by Cooper 
and analysis on the ground raised the 
fear that the automatic sequencer might 
be inoperative in the vital rctro-se- 


y until his main recovery: parachute 
Pacific near Midway Island. 


qucncc, retro-attitude, retro-fire and 
retro-jettison steps. This meant that 
Cooper would nave had to perform 
these functions manually. 

From the time the indicator light 
trouble became apparent. Mercury Con- 
trol here was in almost-constant com- 
munication with Cooper, directly or 
through other tracking stations, in an 
attempt to diagnose the extent of the 
problem and to give him alternatives. 


MA-9 Coverage 

vided on-the-spot coverage of MA-9 from 
Cape Canaveral for Aviation Week & 
Space Technology readers. They were 
Editor Robert Hotz. Washington Bureau 
Chief Evert Clark, Space Technologv 
Editor Edward H. Kolcum and Cape 
Canaveral Bureau Chief George Alex- 


Finally it was decided that he would 
perfomi all the steps up to and includ- 
ing retro-fire manually, and then let 
the capsule go on automatic control. 
However, during the final orbit, the 
possibility of using the automatic sys- 
tem to damp re-entry oscillations was 
eliminated because both primary and 
standby inverters for the automatic at- 
titude control system failed to start. 

As Cooper came within range of the 
Pacific tracking ship Coastal Sentrv off 
Japan. Astronaut John Glenn went 
through the final checklist with him by 
radio and both astronauts chanted the 
countdown in unison for both the retro- 
sequence and manual retro-fire. 

Precision with which Cooper per- 
fonned his maneuvers was demonstrated 
by his positioning of the capsule for 
retro-fire, which Glenn said was perfect; 
by his firing of the retro-rockets at ex- 
actly the programed time, and by lus 
controlling of the capsule precisely after 
retro-fire. The expected communications 
blackout caused by the re-entry plasma 
sheath occurred within 2 sec. of pre- 
flight prediction. 

Cooper did such an excellent job of 
reaction control fuel management that 
on the 21st orbit he reported to Glenn 
that 6095 of his automatic and 7695 of 
his manual fuel remained. Cooper’s 
descent trajectory allowed him to main- 
tain continuous communication with 
Astronaut Scott Carpenter, capsule com- 
municator in Hawaii, from the end of 
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sequence. Glenn told him he had "a 
dealer’s choice" of two manual systems 
-fly-by-wire or manual proportional— 
for the re-entry sequence. Cooper 
selected fly-bv-wire. 

The extraordinary success of Cooper's 
flight was expected to play a strong part 
in determining whether another Mer- 
cury flight, MA-10, will be scheduled. 
National Aeronautics and Space Admin- 
istration is considering a 72-hr. flight in 
September, but will not make a de- 
cision on it until the full impact of 
Cooper’s mission has been evaluated. 
This is expected to take about four 
weeks (AW May 13. n. 34). 

Brainerd Holmes, NASA director of 
manned space flight, said several times 
here while Cooper was in orbit that 
MA-10 will not be flown unless it adds 
enough to be worth its cost of S8-S10 
million, nor would it be flown if “we 
got all the information we wanted from 
MA-9." 

Maj. Cooper was launched from Pad 
14 here in his Faith 7 capsule at 9:04 
a.m. EDT May 15 by General Dynam- 
ics/Astronautics Atlas 130-D, which had 
the most accurate cutoff conditions of 


any Atlas vehicle used to carry a Mer- 
cury payload (sec box. p. 29). * His cap- 
sule was McDonnell production space- 
craft No. 20, which was injected into 
orbit with a perigee of 100.2 shit, mi., 
an apogee of 165.8 stat. mi. and a period 
of 88.6 min. 

MA-9 injection velocity was 17.546 
mph. Inclination to the equator was 
32.5 deg. 

Major concern during the first min- 
utes of the flight stemmed from exces- 
sively high telemetry readings of both 
suit and cabin temperatures. There 
was no cabin cooling between liftoff and 
the time the capsule reached an alti- 
tude of about 50,000 ft. An expected 
thermal lag resulted while Cooper de- 
termined flic proper setting to control 
the amount of water coolant flowing 
through the heat exchanger. 

Readings shortly after launch indi- 
cated that the suit temperature was 92F 
and that the cabin had reached as high 
as 118F. Although the pilot said that 
lie felt "slightly warmer than normal.” 
the suit reading apparently was errone- 
ous. During the second orbit, suit 
temperature readings had stabilized at 
60F and the eabin at 1001’. 

System temperatures became a con- 
cern after Lt. Cdr. Scott Carpenter 
experienced difficulty in finding the 
proper adjustment for the suit cooling 
system during his MA-7 flight last Mav 
(AW May 28. p. 26). 

Both Carpenter and Marine Lt. Col. 
John Glenn, the first U.S. orbital pilot 
in MA-6, virtually expended their hy- 
drogen peroxide reaction control fuel 


Inertial Orbits 

Maj. Gordon Cooper made 22 reso- 
lutions of the earth and 23 inertial orbits 
in his MA-9 flight. The orbital figures 
ignore the rotation of the earth and 
the revolution includes it. 

For every 360 deg. traveled by the 
pilot in his capsule, the earth below him 
rotated about 22 deg. in the same direc- 
tion as the spacecraft’s flight path. 

The capsule traveled 382 deg. to 
catch up to the line of longitude from 
which it started that revolution. Inertial 
orbits were only 360 deg. from perigee 

Hon was 94.5 'min. 


in their three-orbit flights. Cooper was 
programed to drift intermittently 
throughout Ins mission to conserve fuel. 

At the conclusion of the first orbit. 
Cooper reported that his automatic 
fuel indicator showed 10195 and his 
manual tanks 102%. After the second 
orbit, the readings were 92% automatic 
and 9695 manual fuel remaining, 

Series of physiological readings were 
made during the second orbit and 
showed Cooper's pulse had stabilized at 
80-86 bcats/niin. after a peak of 150 
during powered flight: his body tem- 
perature was 9S.5, blood pressure 
120/S0, and respiration 12-20 breaths/ 
min. Cooper urinated during the orbit 
as part of a study of his water balance 
and kidney function during weightless 
flight. 

Cooper deployed a flashing light 



ASTRONAUT GORDON COOPER Is shown in his Faith 7 spacecraft shortly before launch. 
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ACTUAL FLIGHT PATH of MA-9 closely followed the programed track shown above due to accuracy of orbital injection (see bos, p. 29). 
Primary retro sequence points are indicated by stars off Chino coast on 22nd orbit, and primary landing area is indicated by large bullscyc at 


Midway Island in the Pacific. Other primary and alternate lauding areas are marked by large or small bullseyes, with accompanying stars 


sphere from the capsule at 3 hr. 23 min. 
after launch, but this simulated rendez- 
vous experiment was only partly success- 
ful. The flashing xenon light payload 
(AW May 1 3, p. 34) was a piggyback 
satellite. 5.75 in. in diameter and weigh- 
ing 10 lb. Objective was to have the 
pilot report on his ability to see the 
small satellite during about four orbits 
as it was within range of his spacecraft. 

The 36-year-old pilot, youngest of the 
original Mercury astronauts, demon- 
strated his coolness by relaxing almost 
"to the point of sleep a couple of times" 
during the countdown and by dozing 
briefly between Hawaii and California 
on the second orbit. He had reported 
during the first orbit that he saw the 
haze layer around the earth and lumi- 
nescent "fireflies" (called the Glenn ef- 
fect after John Glenn, who first reported 
sighting the particles). Cooper also 
said he saw the lights of Perth, Aus- 
tralia, during the first orbit. The city 
had illuminated municipal and house 
lights in the hope that he could see 
them. 

Maj. Cooper prepared for his 22-orbit 
mission after a one-day postponement 
bv retiring the night before at 9:45 p.m. 
EDT. He arose at 3:50 a.m., ate a 
breakfast of filet mignon, eggs and toast, 
and began donning his pressure suit at 
4:24 a.m. His weight prior to suiting 
was 147 lb., a pound less than he 
weighed the morning before. 

He entered the Faith 7 capsule at 
5:33 a.m. and the hatch was bolted in 
place 38 min. later. There was a 4-min. 
hold at T —11.5 min. because of an in- 
dication of difficulty in the Atlas ground- 


based guidance equipment and a hold 
of four seconds at T —19 sec. This sec- 
ond hold, described as normal, was to 
allow the automatic sequencer to catch 
up with the countdown clock. 

During his fourth orbit, Cooper made 
voice contact with all the stations he 



was supposed to, and he told Astronaut 
Virgil Grissom at Guaymas, Mex., that 
he could sec "all up and down Cali- 
fornia.” Then he told Mercury Con- 
trol Center here that he could see “the 
whole state of Florida" from Jackson- 
ville to the southern tip and "it looked 

Cooper did not sec the xenon light 
capsule on his third or fourth orbits but 
was able to see it on the fifth. He 
first spotted it when sunlight reflected 
off the casing, before he saw the light 
itself. He said it appeared to have the 
brightness of a second-magnitude star 
and appeared to be 8 to 10 mi. away 
when he first saw it as a light. When 
lie last saw the sphere, it appeared to 
be 12 to 13 mi. away and to have the 
brightness of a fourth- or fifth-magni- 
tude star. “At the last, it was very dim," 
Cooper said. 

While Cooper was in the midst of 
his fifth orbit. Mercury officials sum- 
marized the events to that point, using 
nothing but superlatives to describe the 
performance of the pilot and his vehicle. 
Flight Director Christopher C. Kraft 
said it was “an extremely smooth flight. 
Gordo [Cooper's nickname among his 
fellow pilots] is doing very well and so 
is the spacecraft.” 

All the bio-sensors had worked well 
through that orbit. Not a single physio- 
logical telemetry readout had been lost. 
Mercury officials said Cooper’s control 
of suit and cabin temperature "has been 
excellent” and said that the desired 
30-dcg. differential between suit inlet 
and outlet temperatures had been 


Cooper’s management of his control 
system fuel, his oxygen and his elec- 
trical power also drew unqualified praise. 
Kraft said: "I don’t think I have ever 
seen a smoother flight." 

During the sixth orbit, however, 
minor problems began to develop. 
Ground stations had no clear voice com- 
munications with Cooper from 4:49 
p.m. EDT until 6:07 p.m. EDT. when 
he had just begun the seventh orbit. 
Telemetry was clear during the sixth 
orbit, reporting a suit and cabin tem- 
perature that indicated both had stabi- 
lized, even though both the cabin fan 
and coolant system had been turned off. 

Cooper spotted ground lights at 
Bloemfontein, South Africa, lighted for 

But he could not report it until later 
because of the communications prob- 
lem. He contacted the Coastal Sentry 
range vessel off Tokyo Bay, but atmos- 
pherics that occur there at this time of 
year degraded the transmissions. 

At 6:07 p.m. EDT. Cooper reported 
clearly to Astronaut Scott Carpenter at 
Hawaii. He said he had tried to deploy 
the inflatable balloon that was to be 
used primarily to measure atmospheric 
drag and secondarily to test the pilot's 
ability to see it. but it did not work. He 
asked Mercury Control through the 
Hawaii station if he should trv again. 
He got permission but still could not 
deploy the balloon. 

He then notified Carpenter that he 
had drunk water and had eaten. He 
had told ground stations earlier that he 
had filled one pre-flight urine bag and 
one in-flight urine bag. At one point. 


when the Cape Canaveral station asked 
if he had drank water. Cooper said he 
had and he volunteered that he had also 
given his first urine sample. 

Cooper established a new flight dura- 
tion record for the U. S. when he passed 
the 9 hr. 27 min. total elapsed time 
mark at 6:31 p.m. EDT May 15 during 
his seventh orbit. Previous U.S. record 
was formerly held by Astronaut Walter 
Schirra, who made a six-orbit flight last 
autumn (AW Oct. 8, p. 26). 


Atlas Performance 

Cape Canaveral— USAF-Gencral Dy- 
namics/ Astronautics Atlas 130-D, the 
booster for the MA-9 mission, was so 
precise in its performance that Mcrcurv 
Operations Director Walter C. Williams 
called the launch “the best one we’ve 
had” to date in the U. S. manned space 
flight program. 

The Atlas gave the capsule a velocitv 
of 25,716 fps.— only 1 fps. higher than 
planned. The General Elcctric-Bur- 

placcd the Faith 7 spacecraft and booster 
just above the middle of the orbital in- 
sertion window. 

The window extends 2 mi. above and 

altitude. Actual insertion altitude, or 
perigee, was 100.2 stat. mi. Difference 
between the planned and actual insertion 
angle was only 0.0002 deg. 

orbital plane was inelincd 32.5 deg. to 
the equator. Planned inclination was 
32.46 deg. 


The MA-9 pilot made a second at- 
tempt to deploy the drag balloon experi- 
ment during this orbit, at about 6:10 
p.m. EDT, but again the 30-in.-dia. 
balloon failed to deploy. Later, Mer- 
cury officials said they believed that the 
most probable cause of failure was the 
activating squib, which should have 
ejected the balloon from its cylindrical 
canister on the spacecraft. 

Cooper ate and drank during this 
period and also exercised on the bungee 
cord attached to his instrument panel. 
After exercising, he took his blood pres- 
sure and reported the reading when he 
passed over Hawaii at about 6:07 p.m. 
EDT. 

Mercurv Control Center reviewed all 
on-board MA-9 systems during the sixth 
and the early part of the seventh orbits. 
As the pilot approached the Zanzibar 
tracking station, the center officials de- 
cided that the pilot could continue the 
flight for an additional 10 orbits. Zan- 
zibar was advised of the decision and 
asked to relav it to the pilot at 7:10 p.m. 
EDT. 

Cooper had re-oriented his capsule 
to a retro-fire attitude, however, in the 
event that the decision was made to 
terminate the flight at that point. 

At the beginning of the eighth orbit 
at about 8:02 p.m. EDT, Cooper turned 
on two Geiger counters mounted on 
the base of his capsule and the associ- 
ated data tape recorder for a continuous 
10-min. period. These counters were 
to gather data on fission electrons with 
energy levels below 7 mcv. deposited in 
the atmosphere by the July 9, 1962, 
Starfish high-altitude nuclear explosion 
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in the Pacific. A significant pocket of 
radiation has been identified over the 
South Atlantic, cast of South America 
and just south of the tip of Africa. 

Tlie pilot also made status reports 
to the ship, Coastal Sentry, off Japan 
and to Hawaii during this orbit. 

Entering the ninth orbit, in which 
Cooper had the choice of conducting 
several activities or resting, he elected 
to begin his sleep period and so noti- 
fied the tracking ship, the Rose Knot, 
positioned about 3,000 mi. off Chile. 
He reduced attitude control system 
ower, as well as other equipment, and 
fcrcury Control directed all stations 
not to attempt communications with 
the sleeping pilot unless an emergency 
developed. Physiological telemetry oil 
Cooper’s condition was transmitted 
throughout the sleep period and was 
carefully monitored by medical ob- 
servers at tracking stations. 

The pilot slept for about 7.5 hr., ac- 
cording to Dr. Charles Berry. Manned 
Spacecraft Center flight surgeon. Dr. 
Berry reported on the morning of May 


16 that Cooper's pulse rate dropped 
to 55 beats/min. and his breath rate 
to about 12 inhalations/min. during 
the sleep period. Cooper apparently ex- 
perienced difficulty with his suit coolant 
system several times during his sleep. 
He later reported to ground stations 
that he felt warm on several occasions 
during that period. 

Cooper drew an opaque curtain across 
his window and fell asleep while his 
capsule was somewhere between the 
Rose Knot and the Kano, Nigeria, 
tracking station as he began his 10th 
orbit about 14 hr. after launch. At 
this time, he had been awake almost 19 
hr. 

He apparently awoke for a brief 
period shortly after 1 a.m. EDT May 16 
during the 1 1 th orbit to increase his 
suit coolant flow because the inlet tem- 
perature had risen to about 80F. At 
about the same time, his pulse in- 
creased from 58-60 beats/min. to about 
100. Some Mercury physicians specu- 
lated that the pulse rise was caused 
bv a dream, but another possibility was 


that he was awakened by the steady rise 
in suit temperature. 

Shortly before Cooper went to sleep, 
his pulse was 60 beats/min., respiration 
was 12 breaths/min., suit inlet tem* 
perature was 62F and suit outlet was 
91F. 

At 12:02 a.m. EDT, while he was 
asleep and his capsule was in free drift- 
ing flight in the 11th orbit, he had 
85% of his automatic fuel and 90% of 
his manual fuel remaining in the atti- 
tude control system. 

Cooper stayed asleep but ground sta- 
tions continued to receive physiological 
telemetry readings automatically and 
Mercury Control noted “the remark- 
able clarity" of these transmissions. 

Midway through the 13th orbit. 
Cooper’s heart beat was 55 to 58 beats/ 
min. and his respiration rate aout 16 

Cooper's attempts to transmit televi- 
sion pictures during the orbits before 
lie went to sleep were only partially suc- 
cessful. Pictures of the capsule's interior 
were poor due to the lack of available 
light, as had been expected. But several 
ground stations reported good pictures 
of land masses and shorelines when the 
astronaut pointed the camera out the 
capsule window. 

Tracking station at Muclica. Aus- 
tralia, was the first to hear the Mercury 
pilot's voice after his long sleep of ap- 
proximately 7.5 hr. Cooper awoke by 
himself during the 14th orbit. Muchca 
was to have awakened him with a tone 
signal if necessary. 

The station began receiving telemetry 
at 6:23 a.m. EDT May 16 and 3 min', 
later, Cooper spoke. 1-Ie said his sleep 
was "pretty good." He reported that 
he had some discomfort with the suit 
during the sleep period but said lie had 

Cooper told the Muchea station that 
his suit temperature was 61 F and his 
cabin temperature 90F. His automatic 
control system had 78% of the fuel 
supply remaining and the manual sys- 
tem had 96% remaining. He had been 
in flight for almost 21.5 hr. at this 

Nearing the end of the 15th orbit. 
Cooper was described as in excellent 
condition by medical observers at the 
Cape. His suit temperature had lev- 
eled off at about 65F and his cabin, its 
coolant system shut down by the pilot 
after the fifth orbit, had stabilized be- 
tween 90-93F. 

Heat balance of the capsule’s interior 
was of prime interest to Mercury pro- 
gram officials. If the systems installed 
in the pressure vessel there leveled off 
at a temperature reading which did not 
impose too severe a heat load on the 
pilot and his suit coolant system, it 
might mean that future manned space- 
craft could carry fewer capsule coolant 



Russian Rocket Impact Areas Shown 

Impact areas for Russian rockets which the Soviets announced will be launched between 
May 15 and July 15 impinged on the orbital tracks of Astronaut L. Gordon Cooper's MA-9 
flight last week. If launched from the Tyuratam area in Russia as in previous tests, the 
rockets would reach an apogee of 700 to 800 naut. mi. over eastern Siberia, and just before 
re-entry into the atmosphere would be at the Faith 7 orbital altitude. The Soviet announce- 

The first area is bounded by the north latitudes 11 deg. 41 min., 9 deg. 3 min., 8 deg. 
3 min., and 10 deg. 41 min. and west longitudes 167 deg. 49 min., 166 deg. 34 min., 
168 deg. 45 min., and 170 deg. The second area is bounded bv north latitude 35 deg. 23 
min., 33 deg. 10 min., 32 deg. 8 min., and 34 deg. 21 min. and east longitude 173 deg. 
52 min., 175 deg. 24 min., 173 deg. 56 min., and 172 deg. 23 min. 
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First 1 Close-up Photo Shows F-1 Engine 

First close-up photo of the Rocketdync F-1 engine emphasizes size of the 1.5-iniIlion-lb. thrust engine designed to power the Satnm 5 first 
stage. Height of the engine is about 18 ft. and thrust chamber diameter at the exit is about 12 ft. The engine is on a test stand at F.dwards 
AFB, Calif., prior to one of the latest in the current test scries of more than 40 full-thrust, varying duration firings using a modified 
injector. Tin's series has produced no indication of combustion instability that has been encountered in the development program. 


By the middle of the flight, it was 
clear to Mercury Control that Cooper 
was managing the use of his on-board 
consumables as well as, if not better 
than, Schirra did on the MA-S flight. 
"You're being real seroungy," Capsule 
Communicator Alan Shepard told 
Cooper at one point. 

By the 15th orbit of the capsule. 
Cooper still had 69% of the fuel in his 
automatic-mode tankage and 89% in 
the manual-mode tankage of the atti- 
tude control system. 

At this time also, he still had 75% 
of the oxygen in his primary breathing 
tank and had not started to use his 
secondary supply. There were three 4-lb. 
spheres, each pressurized to 7,500 psi., 
containing super-critical oxygen. Two 
spheres were connected to form the 
primary reservoir and the third unit 
comprised the secondary system. Elec- 
trical power used also was less than ex- 
pected throughout the flight. 

Between the end of the 14th and 
1 5th orbits, approximately at 7 a.m. 
EDT May 16, Cooper ate breakfast 
and drank water. So terse were his 
comments to ground stations— in ac- 
cordance with the pre-planned objective 
of keeping communications to an ab- 
solute minimum— that medical observers 
did not know at that time just what 


foods Cooper had eaten or in what 
quantities. 

Early in the 16th orbit, around 
9-9:15 a.m. EDT. Cooper brought 
power up on the automatic stabilization 
and control system (ASCS). As a re- 
sult, cabin temperature climbed to 
about 100F before leveling again. His 
suit temperature, however, remained at 
about 63F. 

Automatic mode of the attitude con- 
trol system was brought back in so that 
the pilot could execute some of the 
photographic experiments which his 
flight plan specified. These included 
use of a 70-mm. camera, with which 
the pilot took photographs of the earth 
horizon, for Massachusetts Institute of 
Technology, and of infrared reflectance, 
for the Weather Bureau. The camera 
was equipped with two 50-frame clip-on 
film magazines. 

For MIT, Cooper fitted red and blue 
filters on the camera's SO-mm. lens and 
took black-and-white pictures of the 
earth horizon. Purpose of this photog- 
raphy is to discover a constant line in 
the hazy horizon surrounding the earth. 
Photos are expected to provide data for 
sensors in the Apollo guidance system, 
designed bv MlT, so that a spacecraft 
returning from the moon will be able 
to align itself accurately on the narrow 


earth re-entry trajectory. Photos also 
are expected to allow a more accurate 
analysis of sunlight scattered by the 
atmosphere. 

Weather Bureau film was infrared, 
and it was contained in a separate 
clip-on magazine with separate filters. 
Infrared reflectance photography for 
the Weather Bureau was to record the 
earth and its atmosphere, including 
cloud cover, for application to future 
meteorological satellites. The Nimbus 
weather satellite has had developmental 
troubles in distinguishing a true horizon 
from high altitude clouds in simulated 

During the 16th orbit. Cooper also 
rolled his spacecraft 34 deg. to the 
right so that he could, with a hand-held 
35-mm. camera, record night airglow 
and Zodiacal light. 

Cooper concentrated mostly on 
photographic experiments during the 
16th and 17th orbits. He used both 
the automatic and fly-by-wire modes of 
the attitude control system to orient 
his capsule for the varying requirements 
of the photography. For the MIT pic- 
tures. for example. Cooper was required 
to photograph all four quadrants of the 
horizon, and he rolled and pitched his 
capsule around 360 deg. to accomplish 
this. 
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Second West 

By Roderick D. Hibben 

Air Force launched 50 lb. of copper 
needles into orbit around the earth May 
1 0 with an Atlas Agena vehicle from Pt. 
Arguello, Calif., and successfully ejected 
them in a second attempt to carry out 
Project West Ford. 

Criticism of the program, a feasibility 
study of a potential high reliability, 
long-range radio communication link 
using a belt of copper needles, con- 
tinues from parts of the scientific 
community despite earlier Kennedv Ad- 
ministration efforts to mollify such op- 
position by appointment of a study 
panel of the President's Science Advi- 
sory Committee composed of well- 
known astronomers (AW Aug. 21, 
1961, p. 31). 

Radar condonation of the ejection of 
the needles and the initial rate of dis- 
persion, made by Massachusetts Insti- 
tute of Technology’s Lincoln Labora- 
tories, followed by one week public 
notification of the impending launch. 
USAF had advised the National Acad- 
emy of Science of the planned launch 
and the Academy's Space Science Board 
in turn conveyed this information to 
the international scientific community 
and to volunteer observers and observa- 
tories throughout the world in a May 3 
memorandum to the West Ford Com- 
mittee of the International Astronomical 

Initial criticism of Project West Ford 
centered on whether or not a copper 
belt circling the earth would interfere 
with detection of weak signals from 
distant radio galaxies. 

Subsequently, the controversy shifted 
to differing estimates of the needles' 


Ford Launch 

lifetimes once they were placed in or- 
bit. They ranged from official govern- 
ment estimates of relatively short life- 
times to far longer lifetimes predicted 
by independent calculations (AW Apr. 
22, p. 27). 

Current protests voiced in the U. S. 
and abroad have questioned claims made 
by Lincoln Laboratories that this type 
of communications system would be 
invulnerable to jamming or destruction. 

While admitting advance study indi- 
cates negligible interference to optical 
and radio astronomical measurements 
by the 50 lb. of needles, one university 
astronomer said the success of this type 
of communications system depends 
upon ultimate creation of much denser 
copper belts, which could seriously im- 
pair observations of all kinds. 

Scientists, exclusive of radio astrono- 
mers, alluded to expectations of height- 
ened activity in atmospheric contami- 
nation once precedents such as Project 
West Ford were set. 

Tire first Project West Ford launch 
attempted to orbit 75 lb. of copper 
needles in October, 1961. It ended with 
a mechanical malfunction of the needle 
dispensing mechanism which prevented 
the filaments from dispersing. 

The copper needles from the recent 
successful launch are in an approxi- 
mately polar orbit at an altitude of 
about 2,000 mi. The belt lifetime is 
expected to be five years at the most. 
Radiation from the sun striking the 
copper filaments will then force them 
into the denser lower atmosphere where 
they will burn up. 

Belt formation of the needles is ex- 
pected to take a month while uniform 
distribution of the needles will take 


Is Successful 

about 60 days from launch. Belt is ex- 
pected to be 5 mi. wide, 25 mi. thick 
and 40,000 mi. in circumference. Each 
cubic mile of the belt will contain about 
50 needles with average spacings be- 
tween needles of more than i mi. 

Reduction in weight but not number 
of the copper dipoles was accomplished 
by decreasing their diameter from 0.001 
to 0.0007 in. This resulted in a total 
of 400 million needles while the first 
attempt used 350 million. 

Launch package weighed 90 lb., of 
which 15 lb. was telemetry equipment 
and 50 lb. was the copper filaments. 
The rest of the assembly weighed 2 5 lb. 

Each dipole, 1-in. long, acts as an 
individual passive communication satel- 
lite. This technique, called the orbital 
scatter method of communication, 
promises high reliability since the radio 
equipment is located on earth where 
maintenance is easily accomplished. 

The copper dipole belt would furnish 
a large number of communication cir- 
cuits between different geographic 
ground stations, the number being de- 
termined bv the size of the belt and 
the radio equipment available. Two 
such belts, an equatorial and a polar 
belt could, in principle, permit com- 
munication hook-ups between anv two 
points on earth in no more than two 
transmission links. 

The copper needles in the belt sys- 
tem are tuned like miniature dipole 
antennas to give strong reflections at 
frequencies or about 8,000 mc./scc.. 
while producing negligible reflections at 
other frequencies. The advantages of 
using higher frequencies are the avail- 
ability of bandwidths and the stability 
of transmission of the radio signal dur- 
ing solar phenomena, such as sun spots. 

Scientific measurements to be per- 
formed as part of West Ford will be 
radar measurements of the rate of 
growth of the dispersing belt as it forms, 
of its dimensions and of its orbital path. 
Continued radar measurements after 
fomiation of the belt will determine the 
effect on belt size and shape of radia- 
tion from the sun, micrometeorite or 
electrically charged particle bombard- 
ment, and the possible interaction of 
the belt with the earth's magnetic field. 

Advanced techniques of modulation 
developed for Project West Ford 
achieved a digital data transmission rate 
of 50,000 bit/scc. on a lunar relav cir- 
cuit between the Millstone Hill, West- 
ford, Mass, ground station and Camp 
Parks at Pleasanton, Calif., 3,000 mi. 
apart. Both stations are equipped to 
attempt simultaneous two-way transmis- 
sions as well as to make radar measure- 
ments and transmit and receive 
communications signals for radio propa- 
rg. gation measurements. 
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For Aircraft, Missiles and Ships 


By George C. Wilson 

Washington— Defense Dept, last 

week received congressional authority— 
not the actual monev-to spend SI 5.3 
billion in Fiscal 1964 for the procure- 
ment and development of aircraft, ships 
and missiles as the House and Senate 
agreed on a compromise bill. 

Mouse won restoration of many of the 
earlier Senate cuts before sending the 
bill to the White House for President 
Kennedy's signature. Restorations in- 
cluded $213.7 million for aircraft pro- 
curement and the S94.8 million cut 
from the Boeing Minuteman, Martin 
Pershing and Goodyear Subroc missile 
programs. Senate had suggested the 
Fiscal 1964 buy be reduced by 235 air- 
craft. In a conference with the Senate, 
the House lowered this total to 145. 

The measure reflects the economy 
mood prevailing in Congress. Although 
the total difference between what Presi- 
dent Kennedy requested and Congress 
authorized is’ $44 .4 million, the actual 
cut in his request is $408.1 million be- 
cause of the $363.7 million Congress 
added for the USAF-North American 
RS-70 (AW May 13, p. 25). The Ad- 
ministration cannot spend the RS-70 
money for any other purpose. 

These are the totals for procurement 
and research for aircraft, missiles and 
ships for Fiscal 1964: 

President requested $15,358,691,000; 
House authorized SI 5,856,391,000; 
Senate authorized $14,951,491,000; 
final compromise: $15,314,291,000. 

• Aircraft procurement. Congress re- 
duced the Fiscal 1964 aircraft procure- 
ment request of the Air Force from 


$3,559,000,000 to $3,44S,600,000; 
Naw and Marine Corps from $1,938,- 
700,000 to $1,938,700,000. and Armv 
from $522,100,000 to $503,600,000. " 
Even if the appropriation committees 
do the unexpected and appropriate the 
full amounts authorized, it is still not 
certain how many aircraft would not be 
ordered to achieve the economies or- 
dered by Congress. This is because unit 
prices of aircraft change according to the 
size of the production order. Also, the 
services could legally elect to stay within 
the ceilings set for the general categories 
of aircraft, missiles and ships through 
economies different from those sug- 
gested by Congress. So the suggestions 
about what not to buy in Fiscal 1964 
are significant. 

Air Force. Congress suggested the Air 
Force absorb the $1 10.4-million cut in 
its aircraft procurement account by re- 
ducing its purchases by: about 30 Mc- 
Donnell F-4Cs and RF-4Cs saving 
about S70 million; 10 Lockheed 
C-130Es, saving $32.4 million; 11 
Northrop T-3SAs, saving $8 million. 
This is 51 fewer aircraft than the 964 
Air Force requested. Senate voted orig- 
inally to cut the budget for such related 
aircraft equipment as modification items 
and spares by $35. 3 million, but this 
amount was restored in the final bill 
(AW Apr. 22, p. 26). In its bill, the 
Senate also said the Air Force should 
buy 35 fewer F-4Cs and 29 fewer 
RF-4Cs for an estimated saving of 
SI 54.3 million. The original Senate 
cut amounted to 85 aircraft. 

Navy. Congress suggested the Navy and 
Marine Corps absorb the $20-million 
cut by reducing its aircraft purchases 


by: 12 McDonnell F-4Bs, a saving of 
SI 3 million, and four Grumman TC- 
4B Gulfstream navigation trainers, a 
saving of S7 million. This is 16 fewer 
aircraft than the 681 requested. Senate 
originally cut the Navy aircraft budget 
by SI 27.8 million, suggesting 37 air- 
craft not be purchased. Senate also had 
cut SI 0.5 million from the aircraft 
support equipment budget, but this was 
restored in the final bill. 

Army. Congress suggested Army absorb 
the $1 8.5-million budget cut by re- 
ducing its planned purchases of aircraft 
by: 35 Bell OII-13S Sioux and Hiller 
OH-23 Raven helicopters; eight dc 
Havilland CV-2 Caribou transports; 10 
Grumman OV-1C Mohawks; 10 un- 
designated instrument trainers and 15 
undesignated primary trainers. This is 
78 fewer aircraft than the 1.59S re- 
quested. Senate originally slashed the 
Army’s aircraft budget by $50.9 million, 
suggesting that 25 Bell UI1-1B and D 
Iroquois helicopters and 10 Vcrtol CII- 
47A Chinook helicopters not be pur- 
chased. This would have meant $8.3 
million less to spend for the Iroquois 
and S23.8 million less for the Chinook. 
Final bill restored these cuts. 

• Missile procurement. For missile pro- 
curement in Fiscal 1964. Congress re- 
stored cuts in the Air Force budget and 
voted the full $2. 1 77.000,000 requested; 
authorized the SI, 107,300,000 re- 
quested by the Navy and SI 4.700.000 
bv the Marine Corps; reduced the Army 
request from $580,700,000 to $565,- 
700.000. 

Air Force. Senate originally cut $67.6 
million from the Boeing Minuteman 
budget, but this was restored. Also re- 
stored was the Senate cut of S8.2 mil- 
lion in the missile supporting equip- 
ment procurement budget. 

Nary. Congress restored the SI 2. 2-mil- 
lion Senate cut in the Goodyear Subroc 
anti-submarine missile program. 

Armv. Congress reduced the Senate's 
$30-million cut in the Martin Pershing 
procurement account to SI 5 million. 

Navy requested $2,310,000,000 for 
ships in FY'64. House approved the 
Senate cut of SI 50.4 million. 

House also approved the Senate-im- 
posed 3% across-the-board cut in re- 
search and development for all the 
services, lowering amounts requested in 
that categorv to these maximums: 

• Aircraft. Air Force from S322.9S6.000 
to $313,286,000, with an additional 
S363.7 million available only for the 
RS-70; Navy and Marine Corps from 
$204,183,000 to $198,083,000; Armv 
from S82, 148,000 to $79,748,000. 

• Missiles. Air Force from $1,060,132.- 
000 to $1,028,332,000; Naw and 
Marine Corps from S590.1 33,000 to 
$572,433,000, and Armv from $576,- 
601,000 to $559,301,000. 

• Ships. Naw from $293,008,000 to 
$284,208,000’. 
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Reconnaissance Module Proposals Sought 


Bv Barry Miller 


National Aeronautics and Space Administration's Manned Spacecraft Cen- 
ter has asked for proposals from aerospace companies for a spacecraft module, 
capable of launching unmanned reconnaissance probes from a lunar orbit 
(AW May 1 3. p. 23) raising questions as to the future of the Surveyor lunar 
orbiter program. 

System is intended for rcconnoitering the moon’s surface as part of Apollo 
operations. New vehicle, called the Lunar Reconnaissance Module (LRM), 
would be substituted for the Lunar Excursion Module (LEM) on the first 
Apollo circumlunar flights to gather essential surface data at potential lunar 


landing sites before a manned landing 

Proposals, to be submitted by June 
7, would cover two separate, six-month 
preliminary system and pavload design 
studies relating to this lunar rcconnais- 

Continuing lunar reconnaissance ac- 
tivity at the Manned Spacecraft Center 
and the probability of a manned lunar 
reconnaissance mission casts additional 
doubt over the value and future of the 
unmanned Surveyor orbiter program, 
which has been stalled over the past 
three years by alternating periods of in- 
decision, dclav and false starts (AW 
Oct. 17, I960, p. 27; July 23, p. 22; 
Mar. 4, p. 25). 

The orbiter program, originally 
planned for a purely scientific lunar- 
mapping mission, was to be altered to 
assist the Apollo manned program in 
landing site selection, but has not been 
implemented. 

Should site selection and verification 
from lunar orbit be incorporated in the 


attempt. 


Apollo program-as the Manned Space- 
craft Center suggests in its recent pro- 
posal requests and as the nature of its 
projected studies strongly implies— the 
need for a separate supporting Surveyor 
orbiter may vanish. 

MSC regards manned lunar recon- 
naissance as a means for boosting the 
probability' of Apollo mission success. 

Reconnaissance techniques, includ- 
ing probes, which MSC is exploring 
could give Apollo more infonnation 
about lunar landing sites than an un- 
manned Surveyor could. Surveyor is 
severely restricted by lighter payloads, 
lower resolution camera systems and the 
absence of on-board human operators. 

The reconnaissance module may have 
capability of launching from lunar orbit 
one or more unmanned reconnaissance 
payloads, or probes. These would be de- 
signed to survive impact on the moon 
and secure data about the nature of 


Military Coinsat Studies Awarded 

Washington— Air Force last week awarded two-month contracts for concurrent 

for military use (AW Apr. 15. p. 27). Onc'contract was awarded to” team of the 
Philco Corp. and Space Technology Laboratories. Inc., and the other to the General 
Electric Co. Motorola. Inc.’s Military Electronics Div. is associated with GE in this 
effort. Proposals were selected from 50 firms. 

Both studies arc to include proposals for a technical approach, refined cost esti- 
mates and internal management for development of the satellite. If the Defense 
Dept, decides to proceed with the communications satellite svstem, one of the two 
contractors u ould be selected to develop and build the satellite. The Army has 

Air Force has proposed a system of' 2(1-30 satellites in a 6,000-mi. orbit. Satellites 
would weigh between 80 and 120 lb. and would be placed in orbit with Atlas Agena 
launch vehicles. As many as five or six satellites would be injected into orbit on each 
launch. Estimated cost of the system is S200 million to $250 million, and Defense 
Dept, hopes to have an operational system by late 1965. 

of the military satellite will borrow wherever possible from the demonstrated tech- 
nologies of the Tclstar, Relay and Syncom programs. 

Defense Dept, maintains it needs a separate system because of a requirement for 
security, a mobile military control and command capability and a svstem that cannot 
be knocked out by electronic countermeasures. 

Air Force Space Systems Div. is program manager for satellite development. Dc- 


lunar surface slopes, surface bearing 
strength and the magnitude and dis- 
tribution of surface protuberances and 
depressions. 

Weighing less than 1,000 lb. each, 
the probes would help to verify the 
safety and scleotion of prospective LEM 
lunar landing spots. 

The two companion proposal re- 
quests, an outgrowth of a growing MSC 
interest in the reconnaissance module 

• Reconnaissance systems for manned 
lunar missions for which MSC has 
5200,000 available. This will look at all 
sensors— radar, infrared, photographic 
and visual techniques— for obtaining 
data from an 8- to 80-naut. mi.-altitude 
lunar orbit for selection and verification 
of manned lunar landing sites. The sys- 
tems are expected to pinpoint these sites 
to within a probable error of less than 
400 meters with respect to a sclcno- 
graphic coordinate system. 

a sr0 n 0, r 00~bvMlc O Thf avail- 
ability of unmanned lunar probes would 
extend astronauts’ reconnaissance capa- 
bility from the orbiting spacecraft to the 
moon’s surface. Once an area is ex- 
amined by on-board sensors, the probe 
could be launched from the spacecraft 
for closer exploration. 

At the conclusion of these six-month 
studies, hardware development con- 
tracts, which might lead into a multi- 
million-dollar effort are anticipated. 

Reconnaissance systems in both of 
the current studies are to be capable 
of reaching operational status in time to 
be integrated into the first Apollo lunar 

fixedby the middle oTncxt yean 

Two possible spacecraft configura- 
tions are being assumed by MSC for 
purposes of its dual industry studies. 
These are reconnaissance with; 

• Apollo command and sendee modules 
docked to the reconnaissance module. 
On this mission, the reconnaissance 
module would effectively replace the 
Lunar Excursion Module, which on sub- 
sequent missions will carry two astro- 
nauts to the lunar surface. Such a con- 
figuration is assumed for the reconnais- 
sance probe study. 

• Apollo command and sendee modules 
mated with the LEM. Both this ap- 
proach and one involving the reconnais- 
sance module docked to the command 
module are to be considered. In this 
case, the LEM functions as the recon- 
naissance module. 

Information of major interest in the 
reconnaissance systems study will be; 

• Magnitude and distribution of sur- 
face protuberances and depressions. 

• Lunar surface slopes. 
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IAM Accepts New Boeing Pact 


(AW Apr. 29, p. 27). At the request of Pres 
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• Locations and elevation of moun- 
tains and ridges in the approach and 
take-off paths of potential landing areas. 

• Lunar surface environment. Lunar 
areas of interest lie within ±10 deg. 
stenographic latitude, ±60 deg. steno- 
graphic longitude. 

For site selection, resolution of in- 
terest requires that a circular cone 50 
meters high, with slopes inclined 15 
deg. to the horizontal, is to be recog- 
nized and displayed by reconnaissance 
systems in a single mission. 

For site verification, a circular cone 
50 cm. high, with sides inclined 8 deg. 
with respect to average surrounding ter- 
rain, must be recognized and displayed. 
The systems will have to differentiate 
among objects of 0.3 meters, identify 

Secondary' goals of the systems study 
include recommending methods of es- 
tablishing photogrammetric and seleno- 
graphic control points, evaluating sys- 
tems capable of providing imagery for 
use in producing topographic maps, and 
evaluating systems which can give 
imagery of large segments of lunar sur- 
face not suitable for landing in early 
manned missions. Means of determin- 
ing gross features of moon’s far side arc 
also to be considered. 

No major changes in the command 
or service modules are expected to result 
from the study and none will be made 
that would compromise lunar landing 
mission capability. Constraints of re- 
connaissance mission duration will 1>c 
established by the seven-day nominal 
lunar orbit period of the command and 

LEM is restricted to a maximum use 
of 48 hr. Maximum reconnaissance 
data weight returnable to earth in the 
command module would be 1 50 lb. for 
the command-scrvicc-LEM combina- 
tion, 250 lb. for the reconnaissance 
module configuration. 

The reconnaissance module cabin vol- 
ume will be between 500 and 700 cu, 
ft., allowing 3,000 lb. for on-board re- 
connaissance gear. Volume available for 
reconnaissance systems in the LEM- 
command module combination would 
be 1 5 cu. ft., two-thirds of this in the 
command module. This space would 
accommodate less than 500 lb. of equip- 
ment, but MSC regards 250 lb. as a pre- 
ferred maximum limit. 

Probe launcher, delivery’ system and 
landing system will comprise the lunar 
probe system. Reconnaissance probe 
and launchers are not to exceed 1 1 .000 
lb. From the Apollo spacecraft in an 8- 
to 80-naut. mi. orbit, the system is to 
be able to crash-land a survivablc pay- 
load, or possibly the center of a cluster 
of survivablc capsules, within a one- 
sigma accuracy of 1,600 meters of a 
selected point on the lunar surface. 

One important objective of the sur- 
viving payloads will be to make meas- 


urements of the lunar crust's static 
bearing strength, which will affect the 
capability of a lunar lander, such as 
LF.M. to land satisfactorily on the lunar 

Surface payloads will be expected to 
define the texture and relief of the lunar 
surface. They should obtain data from 
which it may be possible to discrimi- 
nate objects of 10 cm. from a distance 
of 30 meters. One possibility to be 
investigated will be a probe that can 
make five or preferably more than 10 
measurements to detennine bearing 
Strength of the surface at random points 
within a 1,600-meter radius (about 0.86 
naut. mi.). 

One or more ty pes of payloads may 
be necessary’ to accomplish the recon- 
naissance mission, the number of probes 
being a trade-off of maximum coverage 
of an area against the detail with which 
an area may be examined. 

For design purposes, total volume for 
probes and launchers will be 700 cu. ft. 

Probe study objectives include: 

• Determining operational procedure 
and sequence for launching payloads to 
the surface and receiving data. 

• Designing manned spacecraft systems 
to command the probe, receive, record 
and display data returned from the sur- 
face payloads. 
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• Defining environmental control and 
protection for probe system. 

• Defining on-board equipment to track 
the probe to lunar impact and verify 
that location to a one-sigma accuracy of 
60 meters. 

• Recommending possible use of a pas- 
sive or an active beacon aboard the 

• Dctcnnining what probe functions 
before and after impact can or should 
be commanded by the crew from the 
manned spacecraft. 

Special attention is to be devoted to 
making the probe system compatible 
with the Apollo spacecraft. The fonner 
will have to be launched within the 
limits of Apollo attitude stabilization. 
These limits are ±i deg. in pitch, roll 
and yaw, with pitch, yaw and roll rates 
at 1.2 arc min./scc. Should greater 
stabilization accuracy be required, it 
may be achieved by manual spacecraft 
control during probe launch. 

While most or all data obtained in 
the reconnaissance mission will be car- 
ried back to earth aboard the Apollo 
spacecraft, key items may be trans- 
mitted from the orbiting spacecraft back 
to earth via the S-band data link in the 
command module. 

One reason for extending regions of 
reconnaissance interest beyond those 
areas of the surface suitable for landing 
is to obtain fundamental information 
about the moon from observations of its 
properties. The moon probably will be 
observed photographically during the 
translunar phase of the mission and 
possibly while the spacecraft orbits the 

Both the probe and lunar reconnais- 
sance studies arc part of MSC's lunar 
reconnaissance missions study. The cen- 
ter is to be responsible for integrating 
reconnaissance systems into the space- 
craft. 
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Canada to Accept Nuclear Arms 


Washington— Canadian Parliament is 
expected to approve the arming of 
Boeing Boinarc B surface-to-air super- 
sonic ramjet-powered guided missiles in 
Canada with nuclear warheads, in line 
with an agreement between President 
Kennedy and Canadian Prime Minister 
Lester B. Pearson. 

The agreement was the outgrowth of 
earlier U. S. pressure on the Conserva- 
tive government of former Prime Min- 
ister John Diefcnbakcr (AW Feb. 11, 
p. 30). The warheads are expected to be 
installed by the end of the year. 

A joint communique issued after 
President Kennedy and the Prime Min- 
ister conferred May 10 and 11 said: 
"The Prime Minister confirmed his gov- 
ernment’s intention to initiate discus- 
sions with the United States govern- 
ment leading without delay towards the 
fulfillment of Canada's existing defense 
commitments in North America and 
Europe, consistent with Canadian par- 
liamentary procedures.” 

Early in February, the Social Credit 
and New Democrat parties joined with 
Pearson's Liberal Party to topple the 


Diefcnbakcr government over the issue 
of nuclear warheads in Canada. 

Diefcnbakcr’s policy was attacked in 
January in a State Dept, release which 
traced negotiations with Canada on the 
Bomarc B warheads. The two Boinarc B 
squadrons deployed to Canada were use- 
less without the nuclear warheads, and 
Diefenbaker would not agree to anning 
them noth nuclear warheads. 


Comsat Official Named 

Washington— Allen E. Throop, now 
a partner with the New York law firm 
of Shearman & Sterling, last week was 

of Communications Satellite Corp. 

In his new position, Throop. 63, will 
be the key figure in arranging the new 
corporation’s stock issne. He is a gradu- 
ate of Harvard Law School and previ- 
ously served as general counsel of Securi- 
ties and Exchange Commission. He was 
chairman of the committee on federal 

Bar Assn, during 1960-62. 


News Digest 


Army last week awarded three paral- 
lel. 5500,000 four-month study con- 
tracts for its Armv Air Defense Svstems 
for 1970 (AADS70) to teams headed 
by Hughes Aircraft Co., Radio Corp. 
of America and Raytheon Co. (AW 
Apr. 22. p. 23). 

Dc Havilland Aircraft of Canada has 
received a 512. 5-million order for 16 
Caribou 1 utility transports from the 
Indian government. Canadian govern- 
ment is Tending India the money for the 
purchase. Deliveries will begin in July 
and the full order is scheduled for com- 
pletion within a year. 

Celestial Inertial Test Complex, de- 
signed to measure the performance of 
celestial guidance systems, is being built 
at Central Inertial Guidance Test 
Facility at the Air Force Missile Devel- 
opment Center, Holloman AFB, N. M. 
It is to be completed this year. 

Dr. Robert W. Buchheim, head of 
Rand Corp.’s Aero-Astronautics Dept., 
has been named to succeed Dr. Launor 
F. Carter as chief scientist of the Air 
Force, effective in July. 

U. S. and Great Britain har e signed 
an agreement permitting the U. S. to 
build the Atlantic Undersea Test and 
Evaluation Center (AUTEC) in the 
Bahama Islands between Andros Is- 
land and Exuma Sound, where the 
water is 4.200 ft. to 6,000 ft. deep. 
The center, which has been planned 
for three years, will be used to test un- 
derwater detection devices, torpedoes, 
missiles and communications. 

Dr. Robert L. Sproull, director of 
Cornell University’s materials science 
center, has been named director of the 
Advanced Research Projects Ageucv 
(ARPA), under the director of defense 
research and engineering. He will re- 
lieve Dr. John P. Ruina, ARPA’s proj- 
ect director about Sept. 1. 

Inflatable micromcteoroid paraglider 
(IMP), developed by Space-General 
Corp., El Monte. Calif., failed to in- 
flate in its first re-entry test last week 
at White Sands Missile Range, N. M. 
IMP is being developed for NASA’s 
Langlev Research Center (AW Oct. S, 
P- 35)-' 

Approval of the expanded airline mu- 
tual aid pact was recommended last 
week by Civil Aeronautics Board Exam- 
iner S. Thomas Simon. If CAB ap- 
proves the pact. Eastern Air Lines 
legally will be able to apply 516 million 
it collected from pact members during 
a strike last year to offset its reported 
513.3 million net loss for 1962. 
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New U.S. Policy Backfires in Rate Fight 


Persuasion fails in IATA fares dispute; United States 
capitulates in face of British threats to seize aircraft. 

By L. L. Doty 

Washington— U.S. last week applied its new international civil aviation air 
policy in the chaotic fare crisis by using "persuasion" rather than "coercion” 
with Great Britain and got only coercion in return. 

Observers here are viewing U. S. capitulation to England on a fare increase, 
predicted by Aviation Week & Space Technology (May 6, p. 38), as leaving 
the new policy limp, ineffectual as an instrument in future dealings with 
foreign nations on international civil aviation matters. The success of the 
British, backed by a strong united European front, in forcing its will on the 
U. S. stirred storms of congressional protest and prompted the White House 
to sponsor legislation giving the Civil Aeronautics Board rate-making powers 
over international fares. 


As matters stood late last week, the 
slight fare increase on North Atlantic 
routes, adopted last fall by the Interna- 
tional Air Transport Assn, traffic con- 
ference at Chandler, Ariz., will now ap- 
ply until Sept. 12. The CAB surren- 
dered to British demands after Secretary 
of State Dean Rusk advised the Board 
to modify its opposition to the fare in- 
crease, and after the British threatened 
to "detain”— a polite word for impound 
—any U.S. jets accepting passengers at 
the lower pre-Chandler fare. 

Within 24 hr. after the capitulation, 
an irate Sen. Warren Magnuson (D.- 
Wash.) called hearings by his Com- 
merce Committee in an effort to get to 
the root of the problem. Other than 
subjecting CAB Chairman Alan S. Boyd 
and State Dept, officials to sharp and 
often critical questioning, little appeared 
to have been achieved by the hearings, 
although they may have focused new 
attention on the bill proposing the rate- 
making legislation. 

The new policy has suffered a severe 
setback, not only because of a loss in 
U. S. prestige, but because its very spirit 
was undermined. Its stated principle 
that international aviation must be 
treated as a business enterprise in the 
solution of air transport problems was 
nullified by the fact that the relatively 
simple issue of a 527 fare increase cre- 
ated a crisis at top diplomatic levels and 
launched a debate in the British House 
of Commons. 

In addition, the policy’s call for lower 
fares has been bluntly disregarded by 
all nations except Canada and possibly 
Chile, Japan and Mexico. Boyd pointed 
out that the Canadian government, 
which holds rate-making authority, has 
successfully enforced the pre-Chandler 
fares on all flag carriers serving Canada 


through the North Atlantic routes. He 
added, that, if armed with similar au- 
thority. the U. S. can be assured of 
lower fares in the near future. 

Chief failure of the pol icy brought 
about bv the fare battle has been the in- 
ability of the U. S. to negotiate by per- 
suasion rather than by coercion, a key 
element to the policy's intent. It now 
appears evident that the U.S. will gain 
its goals in international air transporta- 
tion only through hard-headed nego- 
tiating at high government levels. 

This is borne out by a statement 
made last week by Julian Amerv. Brit- 
ish Minister of Aviation, before the 
House of Commons. In reference to a 
conference held this month on the prob- 
lem (AW May 6, p. 42), he said: 



"Mr. Boyd made it plain that he had 
not come to London to compromise. 
I have to tell [the House] that at one 
time the discussions became so frigid 
that we had to propose an adjournment. 
In the end, we had to record an agree- 
ment to disagree." 

These are the major events that led 
the United States to drop its demands 
that the lower pre-Chandler fare be re- 

• When the pre-Chandler fares expired 
May 12, no European nation showed 
any signs of accepting the U.S. position. 
Boyd later admitted he had mis|udgcd 
the degree of unity of the European car- 
riers, and had erred in calculating that 
several would break from the British 
stand as the May 12 deadline drew close. 
Germany did waver momentarily, but 
returned to the group quickly, although 
the German government deplored re- 
course to such pressures as the cancella- 
tion of landing rights. Most European 
carriers resent the heavy governmental 
interference brought about by the rate 
struggle. 

• On May 13, Julian Amerv made a 
blistering attack on the U. S. position in 
the House of Commons. British Am- 
bassador to the U. S., Sir David 
Ormsby-Gore, was instructed to make 
the "strongest representations” to the 
U. S. government on the issue. The 
protest was delivered to Rusk bv British 
Embassy official Dennis Grccnhill. 

• Sen. Magnuson, in a strongly-worded 
Senate speech, said the U. S. must stand 
fast and not be "dictated to” by foreign 

• fn a letter to Rusk, Boyd noted that 
the "strong representations have 

nomic to an over-all international rela- 
tions area. He added that “we should 
be interested in receiving such reactions 
and advice in this matter as you may 

• On May 14, Rusk replied that, in the 
absence of ratemaking authority and to 
protect the competitive position of U. S. 
carriers, the CAB should modify its 
stand "insofar as is necessary not to sub- 
ject the carriers to penalties for violation 
of laws and regulations of foreign coun- 

• Boyd advised Pan American and 
TWA that earlier instructions directing 
the two carriers to maintain current 
fares were modified in compliance with 
the State recommendation. On May 1, 
Board Vice Chairman Robert T. Mur- 
phy had told the two carriers that Euro- 
pean governments should be told that 
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the CAB expected U.S. airlines to ad- 
here to pre-Chandler fares. This Boyd 
letter paved the wav for the two car- 
riers to file tariffs with the CAB. 

• On May 1 5, President Kennedy sent a 
proposed bill to the Congress which 
would give the Board authority, subject 
to approval by the President, to control 
rates in international air transport to and 
from the U.S. On the same day the 
Senate Commerce Committee con- 
ducted its hearing. 

• The traffic conference opened a spe- 
cial meeting in Bermuda May 16 and. 
representatives of a number of Euro- 
pean carriers met in Brussels on the 
same day to discuss the fare problem. In 
letters to TWA and Pan American, 
with respect to the Bermuda conference. 
Boyd stressed his desire for a return to 
the pre-Chandler fares. Failing this, he 
asked that a compromise be considered: 
maintenance of the round-trip discount 
at 5%, with an offsetting decrease in 
one-way fares. "Finally, it is our desire 
that any new transatlantic fare agree- 
ment which may be reached at the Ber- 
muda meeting be limited in duration 
to Mar. 31, 1964,” he said. 

During the Senate hearings. Boyd 
conceded that it might be possible to 
interpret the Federal Aviation Act of 
1958 to mean that the CAB has the 
power to fix rates when the public in- 
terest would so require. Me said, how- 
ever, the Board had found in its studies 
that the rate increase in question was so 
small it could not be classified as “detri- 
mental'' to the public interest. 

lie also said that the U. S. had not 
asked for consultation and then arbitra- 
tion with the governments involved, as 
permitted under the terms of bilateral 
agreements, because such actions are 
usually drawn-out and the new fare 
would be in effect until a settlement 
had been reached. 

Boyd conceded that the U.S. does 
have certain powers to suspend or ap- 
prove international rates, but he said 
that authority has never been imple- 
mented to specify the CAB as holding 
such power. He said only legislation 
would detail which department or 
agency should exercise that authority. 

On this point, Boyd drew a sharp 
difference of opinion from Sen. A. S. 
Monroney (D.-Okla.). who held firmly 
that the CAB had all the power it 
needed to impose the new fares on 
foreign flag carriers. Bovd said, under 
CAB counsel’s findings, the Board has 
no such authority without legislation. 

At one point, he was asked what 
would happen if the U. S. cut the 
European carriers from serving the 
U. S., and Sen. Vance Hartkc (D.-Ind.) 
promptly interjected that “they' would 
ask for consultation fast enough.” 

Boyd was asked by Magnuson why 
foreign flag carriers, with government 
support and heavy subsidies, were in- 


capable of showing profits comparable 
to U. S. airlines. Boyd replied that this 
was a question he had never been able 
to answer. It was his feeling, he said, 
that if they cannot make money with 
the same planes and same services 
offered by the U. S. airlines, they should 
not be operating across the Atlantic. 

Earlier, in London, Amery told 
Parliament that “we were astonished to 
sec the Civil Aeronautics Board dis- 
approve the decision of 90 airlines 
without any previous warning and only 
a few days before those decisions were 
due to be applied . . .” He added: 

"It was our general view that things 
had gone so far that these fares must 
now be introduced for an interim 
period at any rate— it might be for a 
year or even less-and that meanwhile 
there should be a meeting of repre- 
sentatives of governments and later of 
IATA to try to resolve the position and, 
if they so thought it right, to revise the 
Chandler decisions." 

Boyd outlined events leading up to 
the CAB decision to oppose tne fares: 
• Prior to the Chandler traffic con- 
ference, the Board consulted with U. S. 


Washington — Domestic trunkline 
traffic in April showed an upward swing 
which, coupled with a slight arrest in 
the volume of available seat miles, 
pulled the industry load factor to 
54.4%, its highest level since August, 
1962, according to the Air Transport 
Assn. 

Only Eastern Air Lines failed to reg- 
ister a gain in total passenger revenue 
miles. Six trunklines — Continental, 
Delta, National, Northeast. TWA and 
Western-reported increases of more 
than 14%. Western led the group with 
a 2S% improvement. 

The entire industry continued to cut 
back on first-class available seats bring- 
ing the industry first-class load factor 
to 54%, a 4% increase over the previ- 
ous April’s load factor, and holding the 
decline of first-class revenue passenger 
miles to a slight 1 .6% . 

The trend toward coach travel con- 
tinued unabated during April. How- 
ever, to accommodate the demand for 
coach, the industry increased coach 
available seat miles by 21% during 
April, which outstripped the 15% gain 
in coach revenue passenger miles. Thus 
the load factor for this category of traffic 
dropped from 58% in April, 1962. to 
54.8% last month. 

Tire over-all figures suggest that an 
overcapacity problem still exists al- 
though. if traffic increases continue dur- 
ing the next eight months, this problem 


flag carriers to discuss the general fare 
situation. It was not contemplated that 
an increase would develop. 

• Conference ended in late October 
(AW Nov. 6, p. 44) and the Board was 
advised by IATA of the tariff resolu- 
tions in late November. Both TWA 
and Pan American had opposed the in- 
crease, favored a reduction of first-class 
fares and agreed to the raise as a con- 
ference compromise to differences that 
threatened to end in a deadlock. 

• Board met in December on the issue 
and wrote each carrier for their views 
on the fare increase. A letter was re- 
ceived from Pan American on Jan. 12 
and another from Northwest on Jan. 
25 but none was received from TWA. 
No airline attempted to justify the fare 
increase, but said agreement was made 
to retain unanimity within IATA. 

• On February 12, the CAB tentatively 
found that the proposed fare increase 
was not in the public interest and 
asked IATA to file papers to justify its 
position. This was done, but the CAB 
was not satisfied. 

• On Mar. 18, the CAB issued its final 
decision disapproving the rate increase. 


could gradually correct itself. 

Meanwhile, TWA President Charles 
C. Tillinghast called for a curbing of ex- 
cessive flight scheduling. In an address 
in New York, he said: 

"The examples of conspicuous over- 
scheduling arc numerous as one carrier 
or another seeks to overwhelm his com- 
petitor by scheduling more flights . . . 
Although wc jealously guard scheduling 
as a management prerogative and wc al- 
ways must, I believe the airlines should 
give serious thought to enlisting [CAB] 
support for concerted industry action to 
overcome some of the more flagrant 
examples of over-scheduling.” 

TWA showed a 15.2% increase in 
revenue passenger miles during April 
on its domestic routes, and interna- 
tional revenue passenger mileage set a 
new monthly record for the 10th con- 
secutive month with a total of 93.4 
million, a 26% increase over the previ- 
ous April. The airline’s recent comeback 
has attracted industry attention. 

American Airlines had a 7% increase 
in revenue passenger miles, and showed 
a slight improvement in its load factor 
from 57.8% in April, 1962, to 58.4% 
last month. United Air Lines' traffic 
volume rose 4% but the over-all load 
factor dipped from 53.4% to 52.1%. 

Despite a cutback in both coach and 
first-class available seat miles, Eastern’s 
load factor dropped from 53% to 51.7% 
as a result of a decline in all categories 


April Trunk Traffic Rise Brings 
Load Factor to Nine-Month High 
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British Aircraft Corp. Develops 
Two New Versions of BAC 111 


of traffic reported by the airline. 

American. Delta, National. TWA 
and United each reported an increase in 
the volume of first-class revenue passen- 
ger miles, a decided reversal of industry- 
trends during the past few years. These 
results suggest that first-class traffic may- 
be leveling off. and that diversion from 
first-class to coach may have slowed. 

Western, however, continued to 
place emphasis on coach traffic, as re- 
flected by a 42% decrease in first-class 
available seat miles and a 60% increase 
in coach scat miles during April. 

How much effect the current rash 
of promotional fares had on traffic re- 
sults during April was impossible to 
determine. Public statements by the 
airlines attributing traffic increases to 
their favorite fare structures only- 
clouded the issue. For example. Conti- 
nental cited its three-class fare struc- 
ture as a boon to traffic growth and 
United was equally strong in praising 
its single-class service as a new traffic 
generator. 

Chris Whelan, Continental's vice 
picsidcnt-cconomic planning, had this 
to say on the economy coach jet class 
and the new business class fares: 

“Tire stimulus the lower fare pro- 
vided was extremely gratifying." He 
added that over Continental’s Los 
Angelcs-Chicago route, traffic in the last 
quarter of 1962 was 38% ahead of 
1961’s fourth quarter, and this growth 
continued in the first quarter of 1963. 

On the other hand, R. E. Johnson, 
United’s senior vice president-market- 
ing and services, said last week that his 
company had improved its share of non- 
stop passengers flying between Chicago 
and San Francisco by 10% over last 
year in the two-month period the One- 
Class service has been operating. From 
Mar. 10 to May 10. he said. United 
carried 45.5% of the passengers flying 
the nonstop Chicago-San Francisco 
route, focal point of single-class service. 

Continental reported a 26% increase 
in revenue passenger miles for April, 
and its low-fare classes showed a 63% 
traffic gain while first-class traffic fell 
23%. The carrier’s load factor rose 
from 45.4% to 49%. The airline's 
breakeven jet load factor is the lowest 
in the industry, although National has 
become a strong contender in recent 
months. 

National gained in all categories of 
traffic and reported a 23% increase in 
over-all passenger revenue miles. Load 
factor rose from 53.6% to 56%. 

Delta's load factor was the highest 
in the industry, 63%, the only one 
above the 60 mark. Its coach load fac- 
tor was 67%, its first-class 56.9%. Only- 
Northeast and American reported a 
higher first-class load factor. In April, 
1962, American had a 64% coach load 
factor but it toppled to 58.9% last 
month. 


By Herbert J. Coleman 

London— British Aircraft Corp. has 
designed two new versions of the BAC 
111 twin-jet transport which will pro- 
vide additional power and payload using 
the basic airframe but converting to the 
Rolls-Royce Spey-25 engines. 

New BAC 1 1 1 versions, on which 
design work started last September and 
now is virtually completed, arc desig- 
nated the models 300 and 400. Tire 
basic BAC 111. the Model 200. is 
scheduled to make its first flight June 
30 from Hum, England, assembly plant. 

Generallv speaking, there arc no ex- 
ternal changes between the basic Model 
200 and the longer-range versions, ex- 
cept that nacelles to take the Spey-2 5s 
are 4 in. longer. There will be some 
strengthening at wing and stress points, 
however, to take the increased weights. 

Metal is now being cut for the new 
models, and several will he phased into 
the production line soon. 

Decision to stretch the range and 
payload followed conferences with air- 
line officials who were interested in a 
short-haul jet but one which also had 
the ability to fly medium distances if 
required. The Model 300. with a maxi- 
mum takeoff weight of 82,000 lb. and 
pavload of 15.600 lb., will flv stage 
lengths of 1.500 mi. with a full pas- 
senger complement. 

The Model 400, which was specific- 
ally designed for the U. S. and Canadian 
markets, has a lower takeoff weight of 
78,500 lb„ a payload of 15,400 lb. and 
less range than the Model 300. Com- 
pany reasoning is that the U. S. is served 
by a number of larger jet transports 
already covering routes of 1.000 mi. 

The Model 400 also will utilize a 



considerable number of major systems 
components of U. S. manufacture, and 
development studies involving alternate 
powcrplants, such as the Pratt & Whit- 
ney JT8D-5, are continuing in the event 
of a possible customer requirement for 
this engine. 

Fuel capacity of the new models is 
being increased from 2,640 U. S. gal. to 
3,660 U. S. gal. by use of a center sec- 
tion tank. The tank now is being 
offered as an optional item on the basic 
BAC 111 to give it the same fuel ca- 
pacity. 

Ranges are 930 naut. mi. for the 
Model 200, 1.250 naut. mi. for the 
Model 300, and 920 naut. mi. for the 
Model 400. All three versions will 
carry up to 74 passengers and deliveries 
can be made bv early 1965. 

In designing the Model 400 for U. S. 
markets. A. J. K. Carline, chief of the 
design team, said the main object was 
to keep the weight below 80,000 lb. 
maximum gross weight. Lower weight 
would allow a two-man, rather than 

The modifications, aimed at making 
the BAC 111 a "LaCuardia Airport” 
capacity airplane, are a larger capacity 
brake and installation of spoilers on the 
inboard section of the flap, used only at 
touchdown. Since the basic design was 
frozen in March, 1961. the only other 
modifications have been a change in the 
electrical system, minor changes in fly- 
ing controls, and an increase in the 
tailplane area. 

'Hie three versions of the aircraft also 
will be offered with an autoflare and 
autoland capability, using the Elliot- 
Bcndix system. Carlinc said the Bendix 
PB-20D autopilot now is being pack- 
aged to make it suitable for integration 
with autoflare and with the capability 
to split the system for duplexing. 

Flight control and hydraulic rig sys- 
tems mockup now is being completed 
at the Vickcrs-Armstrongs plant at 
Weybridgc. A fail-safe testing program, 
involving a main fuselage and wing 
center section and an aft section plus 
tailplane is well advanced at Bristol Air- 
craft in Filton. The latter testing pro- 
gram is aimed at 100,000 flights and 
both units have been pressure tested to 
1 5 psi., twice the design pressure. 

The fail-safe program is based on a 
short- and medium-range standard flight 
plan, in that stresses are imposed on all 
phases of operation, from taxiing and 
turning to climb, cruise, letdown and 
approach loads. Basic test calls for five 
unpressurized load cycles on taxi and 
climb, with two pressurized load cycles 
during the cruise to landing phase. 
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Every Astrojet Captain has a past. 


Captain Jim Boyd started when the 
flying business was young and wild. 

He was flying a Pitcairn in his 20's 
(when pilots sent bricks to each other 
to get extra pay for carrying mail). 

And he can tell you about the Stear- 
man that was so loud he used to wake 
up farmers with it when their barns 


n fire 


And the Condor that was s 
you could make a mistake 
would wait for you to correct it. 

He taught the Army to fly the DC-3 
(alias the C-47), and he went on to 
fly DC-6's and 7's and Electras, too. 

It took Jim Boyd 7 million miles to 


get to the Astrojet. (Which is as far a; 
slow you can go.) 


So if experience is what you’re look- 
ing for, we guarantee it with every 
American Airlines flight. 
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Frontier Airlines Pushes Sales Campaign 


Denver— Frontier Airlines, serving an 
area that accounts for only 2% of the 
nation’s population, is developing sales 
ami promotional campaigns designed to 
lure traffic from outside tire sparsely- 
settled 11-state region in which it op- 
erates. 

Frontier’s routes run generally north 
and south from Montana and North 
Dakota to Arizona. New Mexico and 
tlie northwest tip of Texas. The car- 
rier serves many isolated communities 
that need air transportation but arc un- 
able to generate sufficient traffic to 
justify air service. The problem has 
been to explain to civic leaders how 
the cold facts of the Civil Aeronautics 
Board “use-it-or-losc-it" policy can be 
overcome. In addition. Frontier had to 
find means to attract traffic from other 
sources to give the carrier a profit. 

The problem was compounded lay a 
previous management policy, developed 
under L. B. Maytag, jr., once Frontier’s 
president and now head of National Air- 
lines, which called for eliminating all 
unprofitable services. Maytag's goal was 
a regional type of operation and his 
drive for profits at the sacrifice of un- 
productive services created much ill-will 
throughout the Frontier svstem. 

In April. 1962. Lewis W. Dvmond, 
left as National’s operations vice presi- 
dent to take over Frontier’s presidency 
after Maytag sold his Frontier holdings 
to Goldfield Consolidated Mines Co. 
Maytag purchased G. E. Baker's Na- 
tional stock and became president of 
that airline. Although the operating 
policies of Maytag and Dvmond are 
poles apart, both carriers profited by 
the move (AW May 6, p. 42). 

Dvmond and C. M. Britt, who was 
brought in last year as vice president- 
sales and services, immediately set out 
to restore good relations with cities 
served by Frontier. The two began a 
series of visits with state, civic and 
business leaders throughout the carrier's 
5,800 mi. of routes to promote Dy- 
mond's basic principle: “The purpose 
of a local service carrier is to provide 
the best possible service to all com- 
munities it has been entrusted to serve." 

Tlie effort was a success, notably in 
Nebraska, where rancor had run partic- 
ularly strong. One newspaper, which 
had consistently lambasted Frontier 
under the old regime, recently made 
this editorial comment: “We must put 
up or shut up. The burden of proof is 
up to us.” 

Other newspapers took a similar 
stand and the response was immediate. 
In March, Frontier's passenger traffic 
in Nebraska cities rose 62% over the 
volume carried in the previous March. 
First quarter of 1963 was the most prof- 


itable quarter in the airline's 17-year 
history. Operating profits were $373,- 
230. compared with $32,719 in the 
same period last vear. Net profit was 
$181,420, compared with $72,721 for 
the first quarter of 1962. 

Operating efficiency has been the key 
to the growing profit margin. Scat mile 
costs of the airline’s 1 1 Convair 340 
fleet were reduced from 5.6 cents to 4.7 
cents in the first quarter of 1963. Air- 
craft utilization was increased from 6 hr. 
to 8 hr. 5 min., an especially high rate 
since the airline operates no late night 
schedules. Direct operating costs of the 
Convair dropped from 91 cents per mile 
to 78 cents per mile in the first quarter. 

Time out of service for the complete 
overhaul of a 340 has been cut from 30 
days to 1 8 days. Down time for a major 
inspection has been sliced from 18 to 7 
hr. 

Recognizing that the volume of busi- 
ness traffic available in its region is not 
high enough to boost revenues, tlie air- 
line elected to look elsewhere for new 
markets, particularly in the heavily popu- 
lated areas of the east. To attract this 
market. Frontier developed a vacation 
area fare of $1 00 which permits unlim- 
ited travel on its system for 30 days. 
Children under 12. traveling witli par- 
ents. may fly under tlie plan for $50. 

The fare applies to travelers from the 
eastern half of the U. S.. Hawaii, Alaska 
and overseas. Its value lies in the fact 
that six national parks arc located on 
Frontier’s routes. 

Here are some other fare innovations 
Frontier has introduced since Dymond 
and Britt took over: 

• Family plan fare. Wife, traveling 
with head of the family, pays half-fare, 
children one-quarter fare. Between Nov. 
10, when the plan was inaugurated, and 
the end of March, 15.938 passengers 


had purchased tickets under this plan. 

• Round-trip 30-day excursion fare. 
Sold at substantial discounts to resort 
areas on Frontier's system. 

• Group travel plan. Free ticket is 
given to one person traveling in a group 

• Youth fare. Half fare for students 
and military personnel under 22 years 
of age. To qualify, traveler purchases 
a $5 age identification card, good at all 
times. As of Mar. 31. 5.800 cards had 
been sold, giving the airline an addi- 
tional S29.000 in revenues. Total reve- 
nues from this source of business had 
reached S222.000 by the end of March. 

Frontier’s improved position has 
prompted banks to drop the U.S. gov- 
ernment guarantee on its long-term 
loans, which relieves the airline of cer- 
tain restrictions and. in view of recent 
Board action against the purchase of 
jets bv local service airlines with guar- 
anteed loans (AW Mar. 4. p. 34). may 
give it a freer hand in developing a jet 
program. 

In December. Frontier refinanced its 
long-term debt and was granted a line 
of credit of $3.5 million at 51% in- 
terest. Proceeds were used to retire a 
previous loan of $2.4 million, at 55%, 
and to finance the purchase of four 
additional Convairs. 

Dvmond intends to adhere to his 
police of maintaining service to cities 
within the Frontier svstem. He has re- 
quested the CAB to defer action on the 
possible curtailment of sendee at several 
points in Nebraska. South and North 
Dakota and Montana on grounds that 
traffic can be developed in these areas. 
A11 agreement to transfer certain routes 
in Montana to North Central Airlines 
has been allowed to expire and Dvmond 
intends to press for renewal of these 
routes before the CAB. 



FRONTIER AIRLINES Convair 340 is shown loading passengers at Jackson, Wyo. 
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10 tons, straight up 

Sikorsky’s new S-64 Skycrane lifts ten tons . . . more than any 
other helicopter in the free world. With it, men can set their 
sites anywhere and get there first, with the most. 

This big lift is another aspect of Sikorsky leadership in 
vertical flight. Through such proven performance — and continu- 
ing progress— Sikorsky is creating a new world of mobility. 


Sikorsky Aircraft 
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STRATFORD, CONNECTICUT 


Locals Define 

Ft. Worth— Airframe manufacturers 
were briefed here on operating param- 
eters for a low-cost, snort-haul trans- 
port carrying 1 8 passengers at speeds of 
more than 300-mph. Assn, of Local 
Transport Airlines believes such an air- 
plane can be developed within five years 
and will aid materially in maintaining a 
two-level airline system in this country. 

Allegheny Airlines President Leslie 6. 
Barnes, chairman of the ALTA low-cost 
airplane design committee, which was 
formed late last year to develop require- 
ments for the new airplane (AW Dec. 
24, p. 2S) briefed 20 manufacturers’ 
representatives on the committee’s rec- 
ommendations at the conclusion of 
ALTA's spring meeting. 

Me stated that the committee was 
being dissolved and would be replaced 
by a new technical committee that will 
develop the program in greater detail, 
invite airframe manufacturers to submit 
proposals for analysis and make recom- 
mendations to ALTA on comparative 
evaluations of the proposals. 

Initial reaction bv manufacturers' 
representatives at the conclusion of the 
briefing was that there was little likeli- 
hood that any existing airplane would be 
capable of perfonning the mission re- 
quirement outlined. They felt that the 
project required maximum utilization of 
engineering state-of-the-art technology. 

Barnes noted that the project hinged 
on two vital considerations: 

• A “go-slow" policy must be followed 
by the Civil Aeronautics Board in its 
application of the usc-it-or-lose-it policy, 
which requires generation of five passen- 
gers per day per point served and seven 
passengers per mile operated over a 
given route, and in the area of subsidy 
reduction. ALTA contends that there 
is a conflict in earlier desires by Con- 
gress that smaller cities be included in 
the national air transportation plan and 
the call by the executive branch for 
rigorous application of the CAB policy 
aimed at reducing operating subsidies. 
Further reduction in subsidies would 
make it unhkclv that the local service 
airlines could afford the new airplane. 

• Substantial development funds must 
be assured for the new project. Best esti- 
mates are that the new airplane sought 
by ALTA would require more than S20 
million for research and development, 
including building of approximately five 
prototypes. Few manufacturers would 
be willing to gamble this amount and 
most or all of the bill probably would 
have to be picked up by the govern- 
ment. For a manufacturer to become 
involved in such an investment would 
probably mean pricing the airplane be- 
yond what local service airlines feel they 
could pay and would also drive the 
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Transport Aircraft Needs 


direct operating costs up beyond their 
target figure. The ALTA committee 
hopes for a price of about 5400,000. 

Basic specifications outlined by Barnes 
in his presentation included: 

• Seating capacity for 1 8 passengers and 
crew of two. plus luggage and an addi- 
tional 1,000 lb. of cargo. The cockpit 
would be designed to permit full and 
convenient operation of the airplane 
from either pilot position. An 18-pas- 
senger airplane, the committee con- 
tends. cannot afford the luxury' of a 
cabin attendant and one of the pilots 
would be required to leave the cockpit 
to go into the cabin in an emergency. 

The design must take into account 
that at many stops the pilot and co-pilot 
will be required to help load and un- 
load passengers, handle weight and bal- 
ance control and paper work for passen- 
gers, cargo and mail transfer. 

• Operating cost objective of 40 cents 
per statute mile, which the committee 
admits is "substantially below” that 
which has been achieved to date. It 
has considered flight crew costs of 
522.53 per block hour, which includes 
salaries for the two-man crew, benefits, 
training and crew expenses. A cost of 
1 3.5 cents per gallon for turbine fuel is 
assumed, with tax and sen-ice cost. 

Manufacturers will be encouraged to 
construct cost estimates for maintenance 
and overhaul, based on the sen-ice 
schedule proposed by themselves, their 
engine manufacturers and component 
manufacturers. The committee consid- 
ers average rates per man-hour of labor 
to be 53.00 per hour and manufacturers 
will be requested to document in detail 
the basis for their sendee schedules. 

Manufacturers will also be asked to 
specify plans for spare parts provision- 
ing and estimates of spare parts per air- 
craft for fleets of specified sizes. De- 
preciation of fully equipped aircraft. 



plus spares, will be considered over 
seven years to a 10% residual value. 

Annual hull insurance premium 
would be computed on the basis of 
3.5% of the value of a fully equipped 
aircraft. Passenger sen-ice costs will be 
computed at two cents per plane mile, 
assuming a 50% load factor. 

Calculation of cost elements will be 
based on an average stage length of 80 
stat. mi. and a utilization of six block- 
to-block hours daily. 

• Operating range would be 500 stat. 
mi. nonstop with full payload and ne- 
cessary fuel resenes. The committee 
noted that the airplane was being con- 
sidered as most useful over 80-mi. stage 
lengths, but that there would also Ik- a 
requirement for longer stages. The abil- 
ity to accommodate three intermediate 
stops and still achieve the 500-mi. non- 
refuclcd range, would be a "positive 
asset” in the ultimate selection. 

• Runway length of 3.500-ft. maximum 
for takeoff and landing under applicable 
Civil Air Regulations for sea level hot 
day conditions with full payload is con- 
sidered an objective for the proposed 
transport. A high-speed taxi capability 
is considered important to minimize 
ground time. 

• Approach speeds requirement con- 
siders an airplane stable and easily con- 
trollable with a maximum stalling speed 
under standard sea level conditions of 
60 mph, Barnes said ALTA considered 
low approach speeds necessary in order 
to require less in the way of landing 
aids at small airports and to make pos- 
sible operations at lower minimums 
than aircraft of higher landing speeds. 

• Maintenance and overhaul times of 
300 hr. for inspections of aircraft struc- 
tures, systems, engines and accessories 
and 5,000 hr. between overhauls. 

• Cruise speeds exceeding 300 mph. 

• Maximum landing weight identical to 
maximum takeoff weight. This would 
eliminate paperwork on the part of the 
crew as well as to provide for full pay- 
load utilization on short flights. 

• Pressurization should be considered 
in the design. Some customers may wish 
deliveries of unpressurized versions, but 
the basic airplane should have the 
capability for readily taking pressuriza- 
tion equipment, should it be specified. 
Aircraft should be completely self-sus- 
taining away from home base. Airstair- 
tvpe doors, engine starting and other 
sen-ices should be considered, as should 
the capability of discharging and taking 
on passengers, cargo and mail without 
shutting down any engine or systems. 

A six-month development program 
is considered by the committee as neces- 
sary to bring forth a design production 
plan for the most effective airplane. 
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Turbine Aircraft— 1962 Operating Costs, Cents Per Mile 
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Spey engines have been delivered for the first 
B.A.C. One-Eleven. 


The Spey has completed nearly 10,000 hours de- 
velopment running, including 2,900 flying hours. 


The Spey has been ordered by 8 different 
customers in 5 countries, including 6 air lines. 


The Spey is winning 

Production engine deliveries of the Spey are building up fast. 
And more and more airlines are showing firm interest in 
the engine for their re-equipment programmes. 

In its design and rating the Spey is based on Rolls-Royce’s 
unique experience of commercial turbine operation. This is 


world acceptance 

your assurance of the operational economy vital for profit- 
able use of the short-haul jet. 

The Spey will bring to jet travel all the inherent qualities 
of the Dart. 

A NEW PHASE BEGINS WITH ROLLS-ROYCE POWER 

ROLLS-ROYCE OP CANADA LIMITED, 6265 COTE DE LIESSE ROAD, MONTREAL, P.Q. 



SHORTLINES 


AIRLINE OBSERVER 

► Air France interest in the Concorde supersonic transport may bring an end 
to plans for the organization of Air Union. Although French participation 
in the consortium has been given the personal approval of President dc 
Gaulle, Air France now wants to be in a position to introduce the Concorde 
on its routes without any obligation to other members of the proposed com- 
bine— Alitalia, Lufthansa and Sabena. 

► Air Transport Assn, has notified the Federal Aviation Agency it will oppose 
an FAA requirement that U. S. airline transports be equipped with distance 
measuring equipment (DME). ATA said that because the nile excludes 
military and other civil aircraft, full safety advantages of DME cannot be 
realized. 

► Rolls-Royce is conducting bird ingestion tests on the Conway bypass 
engine series under Ministry of Aviation contract. Results so far show the 
Conway can ingest up to 16 starlings of 2-4 oz. each simultaneously with 
insignificant effect on engine performance and no damage to components. 
Thrust loss was 1 to 2% and engine continued running for 5 min. at maxi- 
mum power, followed by 55 min. at settings covering maximum climb, cruise 
and descent. 

► FAA Administrator N. E. Halaby last week briefed an Administration 
Cabinet Advisory Group on the proposed U. S. supersonic transport program. 
The group will present the program to the President after studying the plan. 
Emphasis is being placed not so much on speed but on whether the aircraft 
can be operated economically. Goal is to build an airplane with at least 1056 
of its gross weight represented by payload, although 8% appears to be the 
maximum at present. Hope is to build a transport that will carry about 150 
tourist passengers on a transatlantic flight. 

► United Air Lines last week stated that One-Class Service flights have been 
operating at a load factor of 64% since the service was inaugurated Mar. 10. 
The figure excludes overnight flights which, the airline said, arc operated 
primarily for cargo purposes. United added that more than 55,000 passen- 
gers have used the service and that 85% of those surveyed indicated they 
were "pleased" with the sendee. 

► KLM, the Royal Dutch airline, has cut the work week for U. S. ground and 
maintenance employes from 371 to 35 hr. New contract with the Transport 
Workers Union provides hourly pay increases ranging from 29 to 54 cents 
with time and a half overtime pay after the 35-hr. week and double time 
after 11 hr. a day. KLM ground personnel elsewhere received a 2.7% pay 

► Pacific Southwest Airlines was scheduled to take delivery this week of the 
last unsold Elcctra turboprop transport still remaining in the inventory of 
Lockheed Aircraft Corp. The aircraft was completed in May 1960. never 
went into sendee and will be delivered to PSA with no operating time on it. 
Financial arrangements with two earlier prospective purchasers— Capital Air- 
lines and a charter company— had failed to materialize. The plane will 
increase PSA’s Electra fleet to six. 

► Next major trunkline route case to be undertaken by the Civil Aeronautics 
Board may be a route from the middle south and southwest U. S. to the 
Pacific northwest. Need for such a route stems from decentralization and 
expansion of space and electronic industries (AW May 6, p. 42). 

► Local service carriers reported a 17.2% increase in revenue passenger miles 
for April over the same month last year, but a comparable gain in available 
seat miles kept the industry load factor static— 43.6%. All but two carriers— 
Pacific and West Coast— showed substantial traffic increases with Piedmont, 
Frontier and Bonanza reporting the biggest improvements. 

► Delta Air Lines Vice President R. S. Mauer has forecast an annual traffic 
growth for the air transport industry through 1975, of 8 to 10% if the econ- 
omy of the nation remains strong. FAA has forecast a 6.7% annual increase 
for the same period. 


► Allegheny Airlines reported a net loss 
of $203,957 for the first quarter of 
1963, compared with a 5110,919 loss 
in the same period last year. Revenues 
gained in the first three months, how- 
ever. and the airline anticipates year- 
end profits comparable to $1962's’ net 
earnings of 5631,000. 

► American Airlines had a 4% increase 
in airfreight volume handled during the 
first four months of 1963, compared 
with the same period last year. The air- 
line handled 49.1 million ton miles of 
airfreight during the first third of 1963. 

► British European Airways has pur- 
chased two Sikorsky S-61 helicopters at 
a cost of 5700,000 for service on the 
Lands End-Scilly Isles route. 

► Sabena Belgian Airlines has opened 
an “Aerohotel" for use of transit pas- 
sengers at Brussels National Airport. 
Sleeping facilities were installed as a 
result or the increasing number of busi- 
ness men entering Brussels in connec- 
tion with the Common Market. 

► Capitol Airways has opened a Euro- 
pean sales office in Paris in a move to 
expand group passenger charter business 
originating in Europe. 

► Emery Air Freight Corp. reports that 
the number of shipments handled for 
the aviation industry during the first 
quarter of 1963 increased 85% over the 
same period last year. 

► KLM Royal Dutch Airlines will open 
six new sales offices in the U. S. as part 
of a new campaign to provide better 
service to travel agents. The expansion 
program will increase the number of 
KLM sales offices in the U. S. to 36. 

► Northwest Orient Airlines will add 
an eighth weekly jet round trip to its 
present daily transpacific jet sendee. 
New flight will operate on Saturdays 
from New York to Chicago, Anchorage, 
Tokyo and Manila. 

► Pan American World Airways has 
signed an agreement with Japan Air 
Lines under which 15% of the space on 
each of Pan American's airfreight trans- 
pacific flights will be allotted to the 
Japanese flag carrier. 

► United Air Lines showed an increase 
of 6% in passenger revenue miles for 
April, compared with the same month 
last year. The carrier flew 1,119,414 
passengers 710.7 million passenger 
miles. 
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Soviets Display Missile Arsenal in Moscow 


Soviet Navy’s submarine-launched ballistic missile, code-named Snarl: by NATO, carries serial number 6-2-88 in large numerals during 
May Day parade in Moscow. Red Navy personnel carrier and tow vehicle is the same as that used in Snark’s first display last Nov. 7, 
but Snark transporter shows considerable refinement, indicating a production version. Platform structure at the aft end in the earlier 
version is missing, and design of the oft section now appears to provide a base for elevation of the carrier with the rear wheels 3S pivot 
point. Supporting structure at all three mounting points also has undergone modifications and the rods at the second stage arc an addition 
(AW Nov. 26, p. 34). Second Snark, numbered 6-2-89, is partly visible in the background. 



Warhead and upper stage section of Snark is shown in detailed closcup. Tucks near clamp at the base of the re-entry body indicate a cloth 
is used as a protective cover. Note deep tread, heavy duty tires. Two pairs carry the forward section, and four pairs the aft. 


Close-up of the aft section of Snark shows detail of cluster at base. This may be a driving plug for underwater ejection, the mani- 
folded cluster containing propellants for gas generation. Fire extinguishers, grounding lines are uncommon on Soviet missile transporters. 
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Side view comparisons of the Soviet SA-2 Guideline (above) and the SA-3 (next page) emphasize design differences in the two anti-air- 
craft missiles. Estimated length of Guideline is about 35 ft., and the SA-3 is slightly longer and larger in diameter. Booster stage on 
Guideline is equipped with font large fins, two with control surfaces, and four cruciform control fins are mounted on the main stage aft 
of the main wings. SA-3 has a single set of four canard control surfaces and two of the four main wings have a stub antenna or probe 
mounted at the tips. Many of the men manning the SA-2 and SA-3 vehicles wore Red Air Force uniforms at the display this year. This 
could mean a shift in missile command responsibilities even though the Soviet minister of defense, Marshal R. Y. Malinovsky, is known 
to favor a large standing army. One of several versions of the Frog tactical missile is visible in transporters at right (above). Electrical 
lines or cables that extend from fairing behind the control fin on Guideline's main stage are seen only on this side of the missile 
(above). The lines cross to tile booster section by means of a small support projecting from the booster stage. 



Rear view of SA-2 shows centcrbody in the nozzle booster. Configuration resembles a plug nozzle, but value of such a technique in an anti- 
aircraft missile with an altitude capability estimated at 80,000 ft. is unclear. Four small, square notches, approximately in line with each 
fin, are cut in the skirt of the nozzle. 
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Transporters for SA-2 (p. 54) and SA-3 are not the same, but the truck sections arc similar. SA-2 carrier has a single transverse mounted 
compressed air tank at the forward end. SA-3 carrier has tanks mounted lengthwise on each side at the center of the transporter. Noz- 
zle cover for SA-3 splits horizontally and fasteners are visible (below). Note control surfaces on two of the four main wings of SA-3 (AW 
May 13, p. 32), and the stub antenna or probe on the wings without the control surfaces. 






Light liigh-spccd tanks in the sail of the parade are marked with the insignia of the Russian Army’s airborne units. They followed a 
small group of paratroops in full combat gear. 
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Soviet Shyster medium-range ballistic missile, with serial number 485445, was displayed in parade with the later v< 
(in background and top of p. 57). Sandal, which was deployed in Cuba, has flared skirt, smaller fins. Sandal in ; 
number 832748. Transporter for Sandal is similar to Shyster’s, but is longer and shows detail modifications. 



Launcher for battlefield rockets (right) pro 
ably spins the missile in launching to p 
vide stabilization and reduce dispersion 
the target. Smoke coming from the 
gincs of the transporters is heavy enough 
right to obscure rear of the launchers. Larg 
long-range anl ft I I 1 I 
field guns (below') were mounted on ta 
chassis as self-contained units. 
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Shock system preserves post-attack reliability 


Poised in underground silos, radio antennas are ready to pop-up for defensive post- 
attack communications to Titan II launch sites. But first, they must live through the 
attack. ■ Assuring survival is the job of special Lord shock mounting assemblies, 
engineered and produced for General Electric Company, systems contractor for 
Titan II communications. ■ Using both elastomeric mountings and steel springs, 
the system isolates the antenna from external blast effects. Attenuates vertical, radial 
and torsional shocks. Supports full antenna weight. Resists radiation. Protects so 
well that economical commercial-grade electronic components can be used. ■ What’s 
your vibration, shock or noise problem? Give us a challenge — then expect more. 
Contact: Lord Manufacturing Co., Erie. Pa. Field Engineering Offices in principal 
cities. In Canada: Railway & Power Engineering Corp.. Ltd. 
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Mars Mission Equipment, Vehicles Studied 


By Irving Stone 

Los Angeles— Series of studies to establish design and operational require- 
ments for manned missions to Mars during favorable and unfavorable periods 
extending through 1985 is being implemented by National Aeronautics and 
Space Administration. 

Requests have been issued to industry for proposals, all due this month, 


relating to these mission facets: 

• Mars landing and reconnaissance mis- 
sion environmental control and life 
support system study (cognizance of 
Manned Spacecraft Center). 

• Mars mission-module subsystems 
study (MSC). 

• Mars-mission earth-rc-entrv module 
(MSC). 

• Mars exploration in the unfavorable 
(1975-1985) time period (Marshall 
Space Flight Center). 

Work statement for the environmen- 
tal control system study reveals that 
the Mars mission will span 420 days, in- 
cluding 140 days to establish the Mars 
orbit, 40-day stay on Mars, and 240 
days for return to earth. 

Three Modules 

The Mars vehicle is projected to in- 
clude three structural modules— mission, 
command, and a two-stage Mars land- 
ing module, designated the Mars ex- 
cursion module (MEM). 

The vehicle normally would be de- 
signed to support three crew members, 
but would be required in an emergency 
to accommodate a crew of six. 

Mars mission is projected to involve 
the use of two vehicles to ensure against 
mission abort in the event of failure of 
one of the vehicles during any phase 

which caused the crew to abandon one 
of the spacecraft, the command module 
would be used to rendezvous with, and 
transfer the crew to, the other space- 
craft. 

Modules will include: 

• Mission module will be the primary 
living quarters of the Mars vehicle. Its 
environmental control system also 
would support the command module 
when the modules are mated. 

Mission module volume will be 4.500 
cu. ft. and will utilize a nuclear power 
source for its environmental requirc- 

Mission and command modules both 
will operate in a variable gravity field up 
to 0.6g, but their subsystems will have 
to be capable of functioning in a zero- 
gravity environment. 

• Command module and its environ- 
mental control system will be designed 


to withstand a two-day earth-re-entry 
phase under nonnal conditions, after 
the mission module has been jettisoned. 

The command module will be re- 
quired to support the peak crew of six 
during earth re-entry or the normal crew 
of three for three days during an emer- 
gency rendezvous. 

Volume of the command module will 
be 320 cu. ft., which will provide space 
for the Mars mission crew during vehi- 
cle launch as well as during earth re- 

Auxiliarv chemical power unit will 
support the command module when its 
operation is independent of the mission 
module. 

• Mars landing, or excursion, module 
will be jettisoned from the mission mod- 
ule during the Mars orbit, will land 
three astronauts on the surface of the 
planet, support them for a maximum 
exploration period of 40 days, then re- 
turn the astronauts to the orbiting vehi- 
cle. 

Landing module will have a volume 


Mars Landing Missions 

Studies programed bv National Aero- 
nautics and Space Administration for 
manned Mars missions during the 1970- 
1985 period wilt cover spacecraft com- 
mand. living and excursion modules, 
together with related requirements. 

Industry proposals are being submitted 
this month, for the following efforts: 

• Manned Mars mission-module subsys- 

for this six-month effort, which will not 
exceed $100,000. 

• Mars mission earth-re-entry module 
preliminary design effort. Proposals arc 
due May 20, for six-month task, not ex- 
ceeding S150.000. 

sion environmental control and life sup- 
port system study. Proposals were sub- 
mitted May 9, for six-month effort. 

• Manned Mars exploration in the un- 
favorable (1975-1985) time-period study. 
Proposals were submitted May 3, for 


of 1,000 cu. ft. and probably will use 
a small nuclear reactor as a power 
source for support services. 

Environmental control system will 
have to satisfy these metabolic require- 
ments for the mission and command 
modules— 1.8 lb. per man-day for oxygen 
consumption, 1.0 lb. per man-day car- 
bon dioxide output, 6.16 lb. per man- 
day of water consumption, and 1 1,200 
BTU per man-day heat output. 

Corresponding figures for the landing 
module will be 2.2, 2.5, 9.00, and 
14,400. 

Cabin pressure will be maintained at 
a nominal value of 7 psia., with oxygen 
partial pressure controlled to about 3.5 

Nitrogen will be utilized as the dilu- 
tent gas. If this arrangement involves 
a significant weight penalty or system 
complexity in either the command 
module or the landing module, the re- 
quirement for the two-gas system may 
be relaxed. 

Water Reclamation 

Other requirements include a cabin 
temperature of 70 ± 5 deg., cabin rela- 
tive humidity within 30-70% range, 
and thermal control for equipment, 
with critical equipment not dependent 
upon cabin atmosphere for cooling or 
pressurization. Thermal control would 
be accomplished with a heat rejection 
system for the cabin, equipment, and 
experimental apparatus. 

Water management would involve 
provisions for reclaiming potable water 
from wash water, urine, and other con- 
taminated supplies. A method for dis- 
sociating water to form oxygen and hy- 
drogen will be considered as part of 
the oxygen reclamation systems. Water 
also would be collected from the atmos- 
pheric conditioning loop and stored for 

Waste management program will in- 
volve methods to be used for storing, 
dehydrating and 'or reclaiming solid 
waste products. 

Mars mission module subsystem 
study will involve a failure effects anal- 
ysis, a reliability analvsis based on the 
failure analysis, and an abort-mode de- 
sign for the vehicle. The Mars vehicle 
configuration and mission profile to be 
used in the study will be furnished to 
the contractor by NASA's Manned 
Spacecraft Center. 

Decision on equipment to be devel- 
oped wall be held to a reasonable state- 
of-the-art advancement and availability 
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Thrust vector controls... from the people at Bendlx 

Techniques of steering rocket engines are a specialty of Bendix people. We pioneered in movable 
exhaust nozzles. We are in production on secondary injection systems. We are developing solid probe 
thrust vector controls. □ Other people at Bendix are working on rocket equipment, high temperature 
composite materials, nuclear mechanisms, propulsion controls and landing gear for both aircraft and 
space vehicles. An Aerospace team of skilled and experienced people . . . skilled in all phases of 
program management, backed up by complete engineering and production facilities . . . gives Bendix 
the capabilities to undertake many varied Aerospace programs. □ To find out what this Bendix team 
can do for you, write: General Sales Manager, South Bend 20, Indiana. 


Bendix Products Aerospace Division 




How can a “bargain" temperature 
control system perform like this? 



Chalk it up to experience. Since 1947, 
United Control has designed and manu- 
factured a variety of reliable aerospace 
and industrial temperature control sys- 
tems, proving them in the field, the lab- 
oratory, and with analog computer studies 
even before prototypes are produced. 
Today, nobody knows temperature control 
like United Control: each fresh require- 
ment can be satisfied quickly and effi- 
ciently; after-delivery service is greatly 
simplified; and unsurpassed reliability is 
matched only by outstanding economy. 



The dependable 1793-1 Temperature Con- 
trol System, used to regulate guidance 
compartment temperature in the newest 
of America’s silo-stored ICBM's, was put 
through its paces by United Control's ana- 
log computer. The compact, lightweight 
system, consisting of a controller and a 
pump package, established the pre-set 
temperature with operating tolerance 
±0.2° F. in less than 9 minutes (far better 
than required) . . . and is capable of main- 
taining this accuracy for full life. This 
system also provides many vital auxiliary 
functions: for example, an alarm signal if 
temperature errors exceed ±0.45 ±0.05‘ F. 
...stoppage of non-system processes if 
temperature varies by over ±17°F. . . . and 
constant readout for split-second determi- 
nation of guidance compartment tempera- 
ture. Both instruments can be stored for 
up to 5 years after delivery, then put in 
continuous, trouble-free service for 3 years 
... a total life of 8 years! 

Studies like this are only part of United 
Control's unending search for new stand- 
ards of reliability and performance. Scores 
of checks, from design evaluation to 
painstaking inspection of every produc- 
tion component, insure you the highest 
quality in temperature control systems for 
missile guidance compartments, indus- 
trial storage areas, food processing plants 
and a host of other unusual aerospace and 
industrial application. Whenever the solu- 
tion to your problems means temperature, 
environmental, flight or propulsion con- 
trols, or accessory systems and equip- 
ment, call United Control: serving Ameri- 
can industry— where reliability counts. 



UNITED CONTROL CORPORATION 

OVERLAKE INDUSTRIAL PARK, REDMOND, WASHINGTON 
Phone: 206-885-3711 TWX: 206-999-1874 


for Mars space flights in 1970 to 1973 
and in 1973 to 197S. Assumption is 
that the first complete system flight 
with all modules will be the actual 
manned Mars space flight and flight 
worthiness will be emphasized. 

Subsystems will be designed, and re- 
pair equipment included, to provide a 
capability to repair any on-board sub- 
system, although few such occasions arc 
anticipated. Weight limitations or re- 
pair time involved for a specific system 
may eliminate the on-board requirement 
for a specific subsystem. Redundancy 
may be considered in some instances to 
minimize the repair requirement. 

The Mars excursion module (landing 
module) and the earth-re-entry module 
(command module) will be designed as 
separate tasks and integrated with the 
design of the mission module by MSC. 
Mission Module 

Subsystem effort for the mission 
module will involve these requirements: 

• Guidance and navigation system will 
provide capability for a stable reference 
and a computer function to store pro- 
gramed trajectories from launch to 
return. Computer will have to be ca- 
pable of supporting a search for the 
best trajectory based on current-position 
data, with tradeoff presentations for 
propellant usage, time, and use of ex- 
pendables, coupled with a summation 
of best action probability of mission 
success or safe return to earth. 

• Flight control system will provide a 
complete manual and automatic flight 
capability from liftoff to earth return. 

• Data transmission system will provide 
voice and telemetry contact with 
earth and the Mars excursion module, 
ond intercom service on the mission 
module. Provision will be incorporated 
for data storage and manual and auto- 
matic readout and transmission to earth 
and the Mars excursion module. 

The system also will provide tracking 
capabilities to establish position-time 
data relative to objects near the planet, 
such as satellites, and afford fine resolu- 
tion for rendezvous and docking ma- 
neuvers with the excursion module. 

Provision also will be incorporated 
for radio spectrum mapping of star radi- 
ations. Infrared and ultraviolet spectral 
ranges may also be included. 

• Structures system will incorporate 
shielding and allow for a reasonable 
selection of equipment for stowage in 
the mission module. The structure and 
its configuration will incorporate a 
load-bearing capability based on the 
assumption that the earth-re-entry 
module (command module) is the top 
unit in the flight vehicle configuration. 

Earth-re-entry module is expected to 
weigh not more than 1 >,000 lb., which 
will be about one-third the total weight 
of the Mars spacecraft in the earth- 
Mars trajectory. 


Mars Studies 

Supplementing the Mars manned mis- 
sion studies sponsored by the National 
Aeronautics and Space Administration's 
Manned Spacecraft Center and Marshall 



The Ames' projects will be purely 

II t s f cli el t P | c It 
weight, booster requirements, and intcr- 


Kcy areas to be explored in the eaith- 
re-entry module study include: 

• Trajectory dynamics and heat trans- 
fer for entry at speeds corresponding to 
return from tvpical Mars mission for 
1971, 1973, and 1975. Re-entry will 
have to be accomplished without the 
use of retrograde rockets. 

• Re-entry profile will be delineated in 
detail. 

• Most promising module configuration 
and interior arrangement within existing 
state-of-the-art will be established. The 
re-entry module will have to be self- 
sufficient with respect to supplies, ex- 
pendables, etc. 

• Type of heat protection and major 
structural system will be defined. 

• Best control technique for the vehicle 
will be determined, together with most 
desirable method of information display 
for the crew during re-entry. 

• Major subsystems will be defined with 

Mission Profiles 

Purpose of the study for manned 
Mars exploration in the unfavorable 
time (1975-1985) period is to survey 
all attractive mission profiles, with main 
criterion being the minimization of 
initial mass in earth orbit. Identifica- 
tion of problem areas which appear 
capable of solution also will be investi- 
gated. 

The manned Mars landings antici- 
pated for the study also will use an or- 
bital operation at Mars involving a Mars 
excursion module (MEM). 

Guidelines established for the study 
indicate that missions will start from a 
200-mi.-altitude earth orbit. 

Major part of the study effort will be 
related to high-accclcration (more than 
O.lg propulsion system). Low-accelcra- 


tion propulsion systems will be con- 
sidered only as one of the means to al- 
leviate conditions of the more difficult 
missions. 

Manned flight to Mars will be rela- 
tively easy around 1971, relatively diffi- 
cult around 1979. 

All critical systems, such as propul- 
sion, structures, life-support, aerody- 
namic braking, and shielding will have 
to be compatible with the expected 
state-of-the-art at the proposed time of 
usage, 1975-19S5. Where this com- 
patibility is not obvious, development 
programs will have to be outlined. 
When Mars landing missions are not 
practical during the difficult time 
period, missions such as a Mars orbitcr 
or Mars flyby will be considered. 
Study Results 

Results expected from the study will 
include: 

• Determination of requirement for a 
manned Mars mission is a function of 
10 to 50 days of stay time, and a total 
duration of 1 to 3 years. Aspects to be 
investigated will be concerned with di- 
rect launch from earth orbit, rocket or 
aerodynamic entry into a satellite orbit 
around Mars and launch from this or- 
bit. and direct aerodynamic entry or 
combined rocket-aerodynamic braking 

• Payload requirements, including radi- 
ation shielding, for crew complement of 
3 to 10 men. 

• Trajectory optimization and shaping, 
with respect to extreme solar distances 
and sensitivity coefficients such as 
launch windows. 

• Conceptual layout of mission and 
space vehicles, weight breakdowns, pro- 
pulsion requirements, and new engine 
or cluster requirements which may be 
involved. 

Specific calendar years will be critic- 
ally assessed, together with methods to 
alleviate detrimental effects. This will 
involve a consideration of such typical 
possibilities as reduction of payload, 
increase of accepted risk, reduction of 
mission objectives, high earth-arrival 
speeds, electrical and nuclear-pulsc pro- 
pulsion systems, increased mission dura- 
tion, elliptical capture orbits, and 
change of mission staging method. 


Bendix Soil Study 

been awarded a S27.500 contract bv the 
National Aeronautics and Space Adminis- 
tration to compare the behavior of soils 

pose' is to obtain additional data on 

Ten-month stndv will be carried out 
at Ann Arbor. Mich. 
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“When you’ve got a micro- 



associates 


wave tube problem and want 
technical information, you want it fast. 
That’s why we’ve set up 12 held offices 

around the country— so that we can put a top technical man, 
or a whole team, in your office within 24 hours. We want 
to be sure you get information that’s complete, accurate; and 
current. And this service pays off. Just the other day, as a matter of 
fact, another customer of GUI's told me he had freed one of his expediters for other 
work because of the efficiency of our local marketing team. It’s the same kind of 
service we’ll be giving you.” Tom Curtis {below). District Sales Manager, New York 
Sales Office, Springfield, New Jersey. 





nozzle spray patterns 
tell a story of performance 


. . . under the critical eyes of high-speed cameras. Perhaps 
they validate Ex-Cell-0 Flight & Space Engineering's 
predictions of flow characteristics of a prototype nozzle 
designed for an advanced powerplant or fuel; or perhaps they 
prove the uniformity and accuracy of mass-produced 
components. ■ Research in airborne fuel systems 
hydrokinetics is but one capability Ex-Cell-0 can immediately 
apply to your aerospace projects. Others include: 

Unusually complete prototype and production testing 
facilities . . . highly developed techniques for machining and 
fabricating modern metals from the solid or sheet . . . and 
imaginative design and development of diverse hardware 
for the fields of aircraft, missiles and atomics. ■ Contact 
our Representative nearest you, or write direct 
for detailed information. 


EXCELLO 


Dryden Cites 

(The following appreciation of Hie engi- 
neer by Dr. Hugh L. Dryden was given to 
the state convention of the New Jersey 
Society of Professional Engineers recently. 
Aiiation Week & Space Technology is pub- 
lishing it because we agree with Dr. Dryden 
on the role of the engineer in modern 
technology.— Ed.) 

My own professional life has been spent 
on the boundary line between science and 
engineering. Thus 1 have come to appre- 
ciate the contributions of engineers who 
apply the material resources and the energy 
sources of nature to the purposes of man. 

There are few groups in our nation whose 
work is so much taken for granted and so 
little understood by the public. Engineers 
are only too rarely associated in the press 
with tlie great accomplishments of recent 
times. The development of the atomic 
bomb, nuclear power plants, and satel- 
lites is referred to as scientific achievements 
in a wholly unjustified perversion of the 
meaning of the word science. Many writers 
seem to prefer the term technology to the 
perfectly good word, engineering. Among 
my daughter's textbooks 1 noted recently 
a history of Western Civilizations in which 
the words engineer and engineering do not 
appear at all. 

I have often wondered why engineering 
of all the professions should be thus over- 
looked. Perhaps the characteristic feature 
of other professions lacking in engineering 
is the direct personal contact and the per- 
sonal services rendered to individuals by 
the doctor, the lawyer, the minister, th'c 
educator. We find all around us the visible 
handiwork of the engineer in our bridges, 
highways, airplanes, ships, machines. Even 
in this building we recognize the electric 
lights overhead, the public address system, 
the air conditioning as produced by engi- 
neers, but whoever thev^ arc. they arc anon- 

another. Engineers still have an immense 

before the public great engineers of our 
dav as persons identified with their creative 
works and the contributions of these works 

Industrial Revolution 

Prior to the Industrial Revolution in the 
latter part of the 18th century, the word 
engineering referred to the work of those 

fications. bridges, and other works for mili- 
tary use. But as the Industrial Revolution 

neers concerned with the construction of 
bridges, roads, canals, ports, and so forth. 

being soldiers, they were called civil engi- 
neers. Thus civil engineering is the mother 
of many of the present specialized branches. 

Perhaps the first specialized branch to 

mining. To these have been added elec- 

chcmica'l, illuminating, automotive, highway.’ 
structural, agricultural, sanitary, radio, elec- 
tronics. and perhaps others. The newest, 
not yet formally recognized, arc the aero- 


Contributions of Engineers 


space and astronautical engineers. The great 
variety and number of these prefatory ad- 

cngincering as a single profession. 

On Ocl. -I. 1957, the world entered the 
Space Age. the beginning of the exploration 
o! space, by sending instruments out into 

£ exploration of space began centuries ago 
when primitive man first observed the skies 
above and began the interpretation of what 
lie saw. Human eyes were replaced by 
measuring instruments whose capabilities in- 
creased with advances in the science of 
physics. Astronomers by these methods have 

edge about the size and extent of outer 
space, the number and character of celestial 
bodies, and details of their motion, chemical 
composition, and physical properties. 

Mariner Data 

Yet the data relumed to earth in the 
few minutes when our Mariner 2 spacecraft 
flew past Venus last Dec. 14 gave us much 
additional knowledge of that cioud-shroudcd 
planet, which astronomers had not been 
able to ascertain in the 850 years since the 
invention of the telescope by the methods 
available to them. 

This 447-lb. spacecraft, which passed 
within 22,000 mi. of Venus, radioed in- 



Dr. Hugh L. Dryden has managed key 




i the 


govci 

rector of the National Advisory oommirree 
for Aeronautics from 1947 until 1958. he 
played the leading role in its transition into 
the National Aeronautics and Space Ad- 
ministration, and has served as NASA 
deputy administrator since that agency was 
established Oct, 1, 1958. Dr. Dryden served 
a the Bureau of Stands 


1947. where 


d engineering 


both 

fields included ad- 


j| Academy of Science- 


formation back to our earth stations for a 
total of 1»1 days, setting a new record for 

ccutcd the fly-bv maneuver. Mariner 2 was 
some 36 million mi. distant from earth. 

Despite the great distance involved, 
Mariner 2 told us that Venus lias a surface 
temperature of some 800F, far too hot to 
maintain any foim of life as we know it. 
The surface of Venus is probably dry and 
sandy, with little or no water present. The 
dense clouds which surround the planet 
appear to be hydrocarbons in a part-liquid, 
part-solid form which might be described 

aS We'" did not 8 lose radio contact with 
Mariner 2 until it was 55.9 million miles 
distant from earth. This is truly remarkable, 
since the transmitter on board has only 
three watts of power — about enough for 
the parking lights of an automobile. 

The data sent back by Mariner, which has 
now gone into orbit around the sun, totaled 
about 65 million bits of information. Our 
scientists are still refining their interpreta- 
tions of this information, and it will eventu- 
ally give us still more clues to the mysteries 
of our nearest planetary neighbor. 

Each of NASA's many flight missions is 
directed toward achieving one or more im- 
portant parts of the national space objective. 
A majority will contribute to the success of 
the manned lunar exploration project and 
others will lay the foundation for future 
space exploration. As a consequence, the 

on the moon for exploration is providing a 
natural focus for a large part of the effort 
to develop our over all competence in space, 
the central objective of the entire space 

The manned space flight program is the 
effort in which NASA is 

' for ^iscar'! hvo- 

tliirds. or $5.7 billion, will be expended in 
this area, and is related directly or indirectly 
to the achievement of success in Project 
Apollo. 

Saturn 5 Vehicle 

Saturn 5. the launch vehicle we will use 
to send U. S. explorers to the moon and 
back before 1970. is powerful enough to 
place the weight of 80 Mercury capsules 
into earth orbit and to send more than 40 
tons to the vicinity of tire moon. 

The first test launch of Saturn 5 is 
planned for 1965. 

With its three stages fully fueled, Saturn 

5 will weigh six million lb. It is 55 ft. 

in dia. and will stand 270 ft. high The 

Apollo spacecraft on top nail add another 
90 ft., giving a total space vehicle which is 
approximately a two-thirds scale model of 
the Washington Monument in Washington, 
D. C. 

And the vertical assembly building in 
which the Saturn 5 will be assembled, on a 
new spaceport adjoining Cape Canaveral, 
will stand 524 ft. tall. ... It will be, cer- 
tainly. the largest one-story building in the 
world, and will have an enclosed area equal 
to that of the Empire State Building. . . 

All these activities in space itself, and 
in the complex of supporting work that 
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ANALOG COMPUTERS, 


• ANALOG El 

• COMPUTERS 


Having produced more 
than 17,000 analog navigation 
computers, we’ve come to the 
conclusion that analog computers 
have considerable merit. 

In fact, we're planning to build 
quite a few more. 

We're not saying that digital 
machines are passe. There’s as 
much need for computation 
in pure digital form as there is 
for analog. However, analog 
computers do have certain major 
advantages . . . lower cost, 
real time computation and 
elimination of elaborate converters. 
When examining the requirements 
for navigational computers you 
needn’t be concerned with 
complex programming and storage, 
since these considerations 
are inherent to analog computers. 
For a further exposition 
on analogy, we'd be delighted 
to give you the booklet pictured 
above. Please send for it. 



For the Doppler people, there is 
the MINAC 5. For those who pre- 
fer Inertial, we have MINAC 8. 
The computer is small— occupying 
only Vi cubic foot. Weight is 30 
pounds, including the control/ 


It’s versatile, providing present po- 
sition, wind speed and direction, 
distance to destination, bearing 
and ground track relative to true 
heading, true heading, ground 
track and ground speed. It can 
store two target destinations and 
accept alternate destinations 
without loss of primary data. Nat- 
urally it's accurate . . . ±0.25% of 
total path travelled or 1 NM/HR, 
whichever is greater. 



A well engineered control/indi- 
cator goes with this flight-tested 
computer. 



ASW COMPUTER. The AN/AYK-2 
Computer with moving base ca- 
pabilities further demonstrates 
Kearfott versatility. This computer 
is designed for Airborne ASW in 
fixed or rotary winged aircraft. The 
unit consists of computer and 
control/indicator, receiving data 
from any Doppler Radar set, Mag- 
netic Compass and Air Speed 
Transducers. It computes N-S and 
E-W components of aircraft ground 
track and wind velocity, and of 
distance travelled 
The AN/AYK-2 can also incorpo- 
rate a supplementary function. It 
receives inputs of a moving base 
velocity and heading, then corn- 

plus N-S, E-W data needed for the 
aircraft's return to its reposition- 

Further capabilities include con- 
tinuous display of present posi- 
tion, heading relative to take-off 
point and distance, and bearing 
to any selected one of four stored 
destinations. 


CONVERTERS AND DISPLAYS 



COMPUTER INDICATOR. Ground 
speed and drift angle are computed 
and displayed with Kearfott's 
T8605-22N— specifically designed 
for rotary wing aircraft. Input sig- 
nals to the 5.5 lb., internally light- 
ed computer/indicator are from 
Doppler radar, representing head- 
ing axis and lateral axis speed. We 
then solve for hypotenuse and co- 
sine functions of the input voltages 
by a buffered resolver servo and a 
ground speed follow-up servo. Ac- 
curacy and sensitivity are assured 
from 2 to 180 knots. Doppler radar 
noise is damped above 10 cps. The 
T8605-22N is complete with two 
transistorized servo amplifiers, two 
transistorized buffer amplifiersand 
their individual power supplies, 
packaged in little more than 1/20 
of a cubic ft. Environmental per- 
formance of our compact comput- 
er package meets all applicable 
requirements for MIL-E-5400, 
M IL-E-5272, MIL-E-5422 and 
MIL-l-6181. 



better products— we've developed 
the finest Shaft-to-Digital encoders 
available-all in the standard size 
11 diameter. These encoders are 
complete with external logic, and 
provide BCD (8-4-2-1) shaft posi- 
tion output with overall accuracy 
of ±V» bit. 

They're available in ranges from 
0-999, 0-9999, 0-99999, 0-3599, 
2 s , 2 IJ , and ±89.9. 

The converters can be read on the 
run, or on demand, at speeds up 
to 500 RPM, and sampling rates 
of 50,000 counts per minute with- 
out ambiguity. With proper main- 
tenance, exceptionally long life is 
standard — 5x10° cycles at 500 
RPM with an increase of 3x10° 

Other characteristics include: low 
torque-0.3 oz. in.; low inertia- 
25 gm-crn 5 ; power ±6VDC, 2 Ma 

Each encoder contains "OR" gat- 
ing, and is designed for serial in- 
terrogation to allow time sharing 
of selection logic and encoders. 
Gold alloy tracks and brushes 



DELSIN. Another display problem 
is solved with Delsin, Kearfott’s 
solid state indicator, accepting 
BCD input — displaying alpha-nu- 
meric values on a seven-segment 
electroluminescent panel. 

The standard 3" indicator above 
contains a binary-to-decimal con- 
verter, driver, lamp encoding ma- 
trix, solid state switching matrix, 
lamp and associated electronics. 



Delsin is also packaged in stick 
form, incorporating all necessary 
logic and switching circuitry and 
lamp, for individual alpha/numeric 
digits in a self-contained unit. 
Delsin sticks can be stacked side 
by side, developing a display of 
any word length. A typical 3-digit 
stick form display is about the 
size of a cigarette pack, and pro- 
vides 7 ft. lamberts light output. 
It operates over a temperature 
range of —55° C to +71° C, and 
meets all applicable requirements 
for MIL-E-5400. 
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DIVERSIFIED ELECTRO-HYDRAULICS 
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Hughes 0H-6A lifts helicopter technology 
to a new high. Faster, lighter, smaller, 
easier to maintain, lower cost -this is the 
modern answer to U. S. Army LOH needs. 

HUGHES TOOL COMPANY, Aircraft Division, Culver City, California 



CONSTANT 

PROTECTION 


FOR JET ENGINES 
SAFEGUARDED 
with 


LISLE 


DETECTORS 


More and more aircraft engines, 
both jet and piston, are being 
protected against in-flight failure 
with Lisle MagneticChip Detectors. 
Ferrous particles in an engine or 
an accessory lubricant are a 
proven indicator of impending 
breakdown. The Magnetic Chip 
Detector attracts these particles 
which bridge an electrically insu- 
lated gap in the Detector, com- 
pleting a circuit which activates a 
warning light. 

Early detection means constant 
protection against in-flight failure. 
Write lor Catalog and 


application data. « 

/ © 



trajectory. The development of a large 
and complex spacecraft requires several 

Finally, each space flight mission must 
be supported bv an extensive world-wide 
network of ground stations connected by 
communication lines to a central control 
and computation center. Equipment at 
these stations consists of optical, radio, 
or radar tracking apparatus, telemetry re- 
ceivers, radio transmitters to send com- 
mand signals, etc. For the tracking of 
spacecraft at distances of millions of miles 
and for wide-band telemetry of high-data 
capacity, large steerable receiving antennas 
are required. 

These three main supporting develop- 
ments below the flight mission at the apex 
of our pyramid are in turn supported by a 
broad base of advanced technology, com- 
ponent development, and applied research 
in many fields of science and engineer- 
ing. 

Basic Research 

Finally, the space effort rests on the re- 
sults of basic research in all branches of 
Science, knowledge which is prerequisite 
to and contributes to a wide variety of 
engineering applications. 

In this pyramid of scientific and engineer- 
ing effort there will be found require- 
ments for the services of almost every type 
of scientist and engineer to a greater or 
less degree. In the forefront, of course, 
arc the aerospace and astronautical engi- 
neers, but the development of the Saturn 
launching vehicle has also enlisted the co- 
operation of civil, mechanical, electrical, 
metallurgical, chemical, automotive, struc- 
tural, radio, and electronics engineers. Much 
of their work relates to ground-handling 
equipment, special automotive and barge 
equipment, checkout equipment, and all 
the other devices needed to support the 

data gathering. 

Technical Progress 

Our technical progress is normally evolu- 
tionary in nature. The radically new ad- 
vances usually result from the simultaneous 
maturing of developments in a number of 
fields. Some creative engineer notices that 
the integration of these developments makes 
possible the accomplishment of a task 
hitherto believed impossible. Consider the 
development of the intercontinental ballis- 
tic missile, which opened the door to 
space exploration. The principles of rocket 
propulsion were known to Sir Isaac Newton. 
The demonstration of the major components 
of liquid fuel rockets was made by Coddard 
over 30 years ago. A large and bold engi- 
neering development applied to rockets in 
World War 2 by Von Braun and his asso- 
ciates in Germany brought forth a practical 
propulsion system for 12-ton rocket vehi- 
cles. This development was essentially evo- 
lutionary in nature. 

By contrast, the intercontinental ballistic 
missile appeared full-blown from the com- 
bination of tbis development of large rocket 
engines, extrapolated six-fold in size, with 
newly maturing developments in structures 
(pressure-stabilized fuel tanks, integrally re- 
inforced skin, new welding methods, etc.), 
inertial guidance systems, light-weight nu- 
clear warheads, and new methods of deal- 
ing with the problem of aerodynamic heat- 


ing on re-entry (new blunt aerodynamic 
shapes, heat sink designs, new abalating 
heat shields, etc.). 

It is probable that there will be similar 
bo'd assemblies of developments in diverse 
fields to create new capabilities in snace. 
for example, in the nuclear rocket propulsion 
of large spacecraft. But much of the space 
development will continue to be evolu- 
tionary. Research and engineering develop- 
ment of spacecraft have enabled us to pro- 
ceed from the non-lifting uncontrolled 
capsule to maneuverable lifting spacecraft. 
Research and engineering development of 
materials will let us progress to the use of 
better metal alloys and ceramics which melt 
only at very high temperatures. More com- 
plex and versatile communications and com- 
puter techniques will be developed. Other 
areas will show like advances. In each case 
the goal is to obtain devices to withstand 
still higher speeds, temperatures, or other 
adverse environmental conditions, and simul- 
taneously not only retain present perform- 
ance and reliability but, if possible, improve 

Engineers who like challenging jobs 
will find that space exploration demands the 
utmost in developments at the frontiers of 
knowledge. 

Space Frontier 

Space is thus a new frontier in many 
senses. I commend to yonr reading Ralph 
J. Cordiner's discussion of the new fron- 
tier in his lecture in the "Peacetime Uses 
of Space” series of the University of Cali- 
fornia. I will close with a few quotations 
from his lecture. 

"At this stage, the new frontier does not 
look very promising to the profit-minded 
business man, or to the tax-minded citi- 

"Every new frontier presents the same 
problem of vision and risk. . . . Leif Ericson 
discovered America 500 years before Co- 
lumbus, but apparently the Vikings did not 
have the vision to sec anything worthwhile 
on that vast, empty continent, and so history 
waited for another half millenium." 

"When a new frontier is opened, the new 
territory always looks vast, empty, hostile, 
and unrewarding. It is always dangerous to 
go there, and almost impossible to live 
there in loneliness and peril. The tech- 
nological capacities of the time arc always 
taxed to the utmost in dealing with the new 
environment.” 

"It takes an immense effort of imagina- 
tion for the citizens to see beyond these 
initial difficulties of opening a new fron- 
tier. No one would pretend to foresee all 
the economic, political, social, and cultural 
changes that will follow in the wake of the 
first exploratory shots in space, any more 
than the people in the days of Columbus 
could foresee the 20th century world. But 
such an effort at prophetic imagination is 
what is required of ns as citizens, so that 
we will not. like Leif Ericson. leave the 
making of the future to others.” 

The age of space exploration Is indeed 
a tremendous challenge to engineers as well 
as to citizens. To engineers it is a challenge 
to make the visions come true, "to reduce 
design concepts to hardware with minimal 
cost and waste and the maximal useful 
results.” a challenge to continue to lead 
at the new frontier in contributions to the 
welfare of mankind. 
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Just say the word. Ampex can give you every kind of 
30 and 50 mil component. Stacks, for example. We've 
got both word select and coincident current types. 
They can provide complete memory cycle times 
ranging from 1 to 2.5 microseconds. They offer 
high signal-to-noise, high voltage output with 
low drive. And what’s more, they're compact! 

30 and 50 mil cores? We've got those— plenty 



of them. High speed cores, low drive cores, and cores in- 
between. 30 and 50 mil arrays, too. All performance 
perfect. All now available! Ampex Computer Products 
Co., Culver City, Calif. A division of the only 
company providing recorders, tape and core 
memory devices for every application: Ampex 
Corp., 934 Charter St., Redwood f 
City, Calif. Worldwide sales, service. - 




Why so many? 


We admit it. 

Amphenol, more than any other 
connector manufacturer, accepts re- 
sponsibility for confronting you with 
a seemingly endless selection of rack 
and panel connectors. 

There's a good reason. 

For some uses, a ten-contact con- 
nector the size of an Idaho potato will 
do just fine. In others, ten connections 
must be squeezed into a space no 
bigger than a jelly bean. Still other ap- 
plications have unique requirements 
that relate to environment or mating 
force — even the technical skill of the 
operator. 

We make a lot of different rack and 
panel connectors because it takes a 
lot to satisfy the wide range of appli- 
cations. 

For example.- the Amphenol Blue 
Ribbon® rack and panel connector 
is widely used in "blind" mating ap- 
plications. Part of Blue Ribbons' pop- 
ularity is due to the fact that they 
mate with a smooth and gradual 
wedge-like force. Because they mate 
so smoothly, the "feeling" of correct 
alignment is unmistakable. 

Another advantage of the Blue 
Ribbon design is the wiping action 
that occurs as connectors mate. Each 
time Blue Ribbons are mated, contact 
surfaces are wiped clean. Combine 
wiping action with high mated contact 
pressure, and the result is an extreme- 
ly low-resistance connection. 

THINKING SMALL? 

As fine a connector as we know the 
Blue Ribbon is — it's just not right for 
the real tiny stuff. Thus, as miniaturized 


electronic equipment became popular. 
Amphenol engineers developed the 
Micro Ribbon® — a rack and panel 
connector utilizing the ribbon contact 
principle, but in as little as one-half the 
space. Further development produced 
a circular Blue Ribbon connector 
which crammed 50 contacts into a 
diameter just under 3 inches. 

Also, there's the question of termi- 
nating rack and panel connectors. 
Often, confined quarters or complex 
wired harnesses can tax the dexterity 
of even the most skilled worker 

To solve this problem. Amphenol 
engineers developed rack and panel 
connectors with Poke-Home® con- 
tacts. Poke-Home contacts make it 
possible to terminate conductors inde- 
pendent of the connector. Contacts are 
crimped, soldered, or even welded to 
conductors, then inserted into the con- 
nector. Besides simplifying assembly, 
Poke-Home contacts can be easily re- 
moved after assembly should circuit 
changes or repairs later become neces- 
sary. Needless to say, Amphenol rack 
and panel connectors with Poke-Home 
contacts (Min-Rac 17®. 93 and 94 
Series, for example) are popular items 
with engineers who are forced to think 
small, spacewise. 

BEATING THE ELEMENTS 

There's a need for environmentally 
resistant rack and panel connectors, 
too. High performance aircraft, missiles 
and space craft led to the development 
of Amphenol 1 26 and 2 1 7 Series en- 
vironmentally sealed rack and panel 
connectors. (The 217 offers the added 
feature of Poke-Home contacts.) Other 
Amphenol rack and panel connectors 


can accommodate coaxial connectors! 
many can be supplied with hermeti- 
cally sealed contacts. There are rack-to- 
cable connectors available in every 
series. There are super-economy types 
and super-reliable types. 

So. when you have a rack and 
panel connector problem, contact an 
Amphenol Sales Engineer (or an au- 
thorized Amphenol Industrial Distrib- 
utor). With the broadest line of rack 
and panels in the industry — if he can't 
solve it, no one can. If you prefer, 
write directly to Dick Hall, Vice Presi- 
dent. Marketing. Amphenol Connector 
Division, 1830 South 54th Avenue, 
Chicago 50. Illinois. 



page ore: 1 -Min-Rac 17 with (a) crimp-type 
contacts and (b) solder-type contacts 2 — 94 
Series 3— Micro-Ribbon 4—126 Series 
Rectangular 5— 93 Series 6— Blue Ribbon 
with (a) barrier polarization, (b) pin polari- 
zation ond (c) keyed shell and barrier polar- 
ization 7— 126 Series "CNI” 8— 126Series 
Hexagonal 9— Circular Blue Ribbon 


duliiil jtljBl Connector Division/ Amphenol-Borg Electronics Corporation 




That's our P-200 platform on your 
lower right. I n December of 1 958, the 
first P-200 was delivered to Grumman 
for their E-IB aircraft as the heart of 
our LN-1A inertial system. The one 
above is our P-300, about one-half as 
heavy and not much larger than a 
football. Despite these reductions, 
the system provides greater relia- 
bility, maintainability, and accuracy. 
This miniaturized inertial reference 
platform was developed under an 
applied research contract with the 
Flight Control Laboratory of the Aero- 
nautical Systems Division, Air Force 
Systems Command. 

Our advanced systems continue 
the development of pure inertial 
navigators and tie astro-trackers and 
doppler radars to inertial systems for 
improved long-term accuracy. The 
78 



WILL YOU BE ON THE TEW 
THAT DEVELOPS THE INERTI 


SYSfEMS OF THE FUTURE? 


1958 


projects are long-term, too. 

Will you contribute to the inertial- 
based systems of the future? You 
will if you're the kind of engineer who 
gets restless resting on his laurels, 
who sets new goals after each suc- 
cess. If you know your way around 
in inertial guidance and/or airborne 
digital computers and associated 
electronic equipment, we invite you 
to investigate Litton Systems. Simply 
send your name and address for an 
application form or your r6sum§ for 
immediate action. Write to Mr. J. A. 
Lacy, Guidance and Control Systems 
Division, 5500 Canoga Avenue, 
Woodland Hills, California. An equal 
opportunity employer, 


E LITTON SYSTEMS, INC. 


Guidance and Control Systems Division 


Bios 2 Satellite to Orbit Primates, Plants 


By Barry Miller 

Los Angeles— National Aeronautics 
and Space Administration's Biosatel- 
litc (Bios 2) is being designed to carry 
a 15-lb. ring-tailed monkey on low-alti- 
tude earth orbital space flights of 30 
days duration to study the effects of 
prolonged weightlessness on the cardio- 
vascular system, the central nervous 
system and on primate behavior. 

The primate experiments, tentatively 
scheduled to be carried on the third and 
sixth flights in the Bios series, are one 
of several types of payloads under study 
for the Bios project. Three aerospace 
companies. General Electric. Northrop 
Space Laboratories and Lockheed Mis- 
siles & Space Co., are conducting par- 
allel, funded eight-week preliminary 
design studies (AW Apr. 22 p. 37) due 
for completion on June 13. 

Hardware Contract 

After NASA’s Ames Research Cen- 
ter evaluates the results, one or more 
of the three study contractors will be 

K icked for negotiation of a spacecraft 
ardware contract, provided the project 
gets necessary funding. NASA's Fiscal 
1964 budgetary requests include a $24 
million request for Bios 2 satellites 
and launch vehicles. 

Six flights are now planned, with the 
first shot anticipated late next year at 

Subsequent Bios 2 vehicles in the 
series will be launched at three-month 
intervals. 

Purpose of the Biosatellite project is 
to conduct fundamental experiments 
in space biology that require recovery 
of the experimental payloads. A some- 
what similar effort was undertaken in 
the abortive Bios 1 program (sec box) 
but the current Bios project will be the 
nation's most comprehensive effort in 
space biology. 

Particular interest will center on the 
effects of weightlessness on cellular 
processes. Whether fertilization can oc- 
cur in weightlessness, whether metabol- 
ism proceeds at normal rates and 
whether mitosis takes place under these 
conditions are some of the questions 
for which answers arc to be sought in 
the project. 

Criticism of the Bios project was 
voiced recently at the Aerospace Medi- 
cal Assn, meeting here by scientists who 
object to the selection of a two gas 
environment to support Bios experi- 
ments in the belief the project should 
be more closely linked to the nation's 
manned space program. 

Bios experiments will be sustained 
in an environment consisting of 18 to 
22% oxygen, the remainder nitrogen, 


pressurized to sea level— 14.7 psia. 
±10%. This is in contrast to the single 
gas cabin environment contemplated for 
support of manned space missions in 
the Gemini and Apollo programs (AW 
May 13, p. 85). Consequently, the an- 
ticipated heavy funding for the Bios 
project, these critics argue, will add 
very little to the meager knowledge 
about the effects of a single gas system 
and hence will be of little value to the 
space agency’s immediate manned space 

Countering this, Bios proponents cite 
the fundamental nature of the experi- 
ments, their broad, long-term scientific 
value, the fact that they are not in- 
tended to directly support immediate 
space flights although some Bios fallout 
will accrue to the benefit of manned 
flight. 

Ames currently is screening 119 pro- 
posals for Bios experiments submitted 
by the scientific community, the bulk 
of them dealing with weightlessness and 
biological rhythms. Proposed experi- 
ments held to be feasible from an engi- 
neering viewpoint will be separated and 
referred for selection to the Biosatellite 
Science Subcommittee of the Space Sci- 


Bios Development 

Biological Investigation of Space (Bios) 
began in April, 1961, as a follow-on to 
the Nuclear Emulsion Recovery Vehicle 
(NERV) project (AW Sept. 26. 1960, 

at determining the radiation profile of 
the inner Van Allen belt. 

After the first of the six NERV ve- 
hicles. built by General Electric, was a 
complete success, four of the remaining 
vehicles were modified and along with 
two boosters were diverted into a new 

radiation and weightlessness on biological 
specimens and obtain more refined radia- 
tion belt data. Two Bios 1 vehicles were 
separately launched by Argo D-8 solid- 
propellant vehicles in' November. 1961. 
but both vehicles landed well beyond the 
reach of recovery forces. 

Bios 1 payload vehicles weighed 138 
lb. at liftoff. The recovery vehicles were 
88 lb. at liftoff and 78 lb. at water im- 
pact. Bios 1 carried a C-band radio 
beacon, for tracking of the vehicle, and a 
de-spin system. 

It is anticipated that with its NERV 
success, and in view of the fact that the 
Bios 1 failures are attributed to improper 
booster trajectories, not spacecraft mal- 

present Bios 2 preliminary design com- 
petition. 


cnees Steering Committee, a group com- 
posed of leading scientists who arc 
responsible for selecting NASA's scien- 
tific experiments. More experiments 
than can reasonably be expected to be 
flown aboard the six spacecraft probably 
will be funded. 

Requirements of three experimental 
payloads indicate expected nature of the 
Bios 2 project. Tire three arc: 

• Effects of weightlessness on a small 
primate (Macacus Nemestrina monkey, 
a more docile animal and somewhat 
easier to handle than the rhesus mon- 
keys which were used in previous space 

• Pinpointing synergistic or antagonistic 
effects of weightlessness on the suscepti- 
bility of plant and animal specimens to 
radiation damage. 

• Effects of weightlessness on biological 
rhythms and cellular processes of plants 
and small animals. 

72-hr. Missions 

Flights one and four in the Bios 2 
series are expected to carry animal, plant 
and cellular specimens on 72-hr. mis- 
sions in an attempt to explore synergis- 
tic or antagonistic effects of a combina- 
tion of weightlessness and radiation. 
Typical specimens being scrutinized for 
this group are: 

• Chinese hamsters-Ten hamsters 
housed in a 4i in. by li in. dia. con- 
tainer weighing 101b. 

• Tulip bulbs— Twelve bulbs occupying 
a 1 J in. sq. box weighing a total of 2 lb. 

• Tradescantia— A genus of herbs, such 
as the spidervvort. Three specimens of 
Tradescantia will be housed in an 8 in. 
long, 2-in. dia. cylinder weighing 1 lb. 

• Neurospcra Crassia— A total of ten 
speciments of Neurospcra Crassia. a 
bread mold, used in genetic studies, will 
be housed in a i in. by 1 in. dia. con- 
tainer weighing 2 oz. 

• Chick embryo— A quantity of three 
dozen chicken embryos in a i in. by i 
in. container weighing 1 lb. 

Radiation Tests 

Specimens will be irradiated by a 
radioactive source not exceeding 1 curie 
located at the apex of a cone in which 
are located the specimens to be irradi- 
ated plus a second group of experiments 
that are to be shielded. Cone dimen- 
sions will be 2 ft. in height, li ft. in 
base dia. The radioactive source with 
shielding will weigh about 25 lb. En- 
vironment of the experiments is to be 
temperature controlled to 75F ±2F, 
with 40 to 70% relative humidity. 

Dosimeter film packs will be placed 
among the irradiated specimens, and 
a tissue equivalent ion chamber and a 
radiation spectrometer will monitor dos- 
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Don’t land here with any other supersonic fighter. 


The Northrop F-5 is the first U.S. supersonic aircraft 
designed to operate from unpaved and unimproved 
runways. This capability makes it extremely elfective 
at dispersed bases or in forward areas. 

The F-5 can take off from sod fields to carry out mis- 
sions as an air-to-air fighter, attack fighter /bomber, 
close support weapon, or reconnaissance aircraft. 


It weighs only 8,100 pounds unfueled, yet the twin- 
jet F-5 can carry 6,200 pounds of ordnance payload and 
extra fuel. 

In clean configuration, it has a sea level rate of climb 
of 30,000 feet per minute, and can fly supersonic at alti- 
tudes up to 50,000 feet. In ferry configuration, maxi- 
mum range is a healthy 1,650 nautical miles. 


Yet with all this performance and capability, the 
twin-jet F-5 is an extremely practical aircraft to serv- 
ice and maintain. 

All systems and components are accessible from 
ground level without special workstands or ladders. 
Engines are so lightweight and easy to remove they 
may be changed manually if necessary. 


One-fourth of the fuselage area is composed of doors 
and panels which give rapid access to all the internal 
components. 

These are some of the reasons why the F-5, in oper- 
ational squadrons, will require considerably less man- 
hours of aircraft maintenance per flight hour than 
other supersonic ' NORTHROP F‘5 



How to make a great airplane greater! 

Welded [Titanium] Ti-5Al-2.5Sn boundary layer control 
saves weight, ducts air at 750° F, ups performance of A3J 


North American Aviation has succeeded 
in upping the performance of the already 
great Mach 2 attack airplane, the A3J 

dary layer control system. Components 
of the system include complex weld- 
ments of Titanium Metals Corporation 
of America alloy Ti-5Al-2.5Sn, ducting 
air at 750F. 

Imaginative NAA engineering produced 
two substantial dividends in improved 
titanium fabrication... reliable welding 
procedures for Ti-5Al-2.5Sn. . . and a 
novel plastic film wrapping technique 
that makes permanent welding chambers 
an expense of the past. 

Even higher performance for A3J. The 
droop leading edge of the wing consists 
of six titanium assemblies which duct 
750F air to the upper surface of the wing 
for added lift when needed. This gives 
the famous A3J even better carrier take- 
off and landing characteristics, increased 
range, payload, and maneuverability. 


Weight-saving and strength at 750F. The 
300-pound titanium system saves 300 
pounds over stainless steel and other fer- 
rous alloys that are capable of providing 
the necessary strength while handling 
gases at 750F. 

All in all. more than 1,000 pounds of 
titanium are flying with the A3J — ribs, 
shroud linings, fasteners — thereby shav- 
ing an almost equal amount of dead 
weight off the airframe! 

The right modulus for retrofit is provided 
by titanium, which is right at home in an 
aluminum structure. This is another rea- 
son for NAA’s choice of titanium. It 
provides the proper distribution of flex- 
ing stresses in the A3J's aluminum wing. 
Also important is titanium’s immunity to 
salt spray corrosion. 

To find out more about welding Ti-5A1- 
2.5Sn, write TMCA Technical Service 
Department. Remember, TMCA’s exclu- 


TMCA's unbroken history of research 
and development since the metal’s earliest 
beginnings ... are your best assurance of 
successful application of light-weight, 
high-strength titanium. 

Write for Data Sheet onTi-SAI-2.SSn. 


® 

TIMET 

• titanium 


TITANIUM METALS 
CORPORATION OF AMERICA 


NEW Y0RK a ClEVElAXD a CHICAG0 a DMAS a L0S ANGELES 


age received bv the shielded experi- 
ments. Outputs from the spectrometer 
and the ion chamber will be commu- 
tated with experiment compartment 
total pressure, temperature, relative hu- 
midity and partial pressures of the two 
gases and transmitted to ground stations 
once per orbit. Energy required will be 
600 watt-hr., with a peak power re- 
quirement of 40 w. for a 2 min. dura- 

Flights two and five will carry ex- 
periments designed to investigate the 
effects of the space environment on 
biological rhythms and the effects of 
weightlessness on cellular processes in 
plants and animals. These will involve 
flight durations of 21 days. 


to protect him tram high acceleration 
forces, a life support system, instru- 
ments and 80 lb. of equipment, such as 
a psychometer tester, cameras, lights, 
excreta collectors. 

The possibility exists of collecting 
urine in six hour samples, freezing it 
during the period extending through 
orbit, re-entry and retrieval for post- 
mission analysis. 

Real Time Data 

When the satellite is in view of 
ground stations, twelve telemetry chan- 
nels will return real time data relating 
to respiration, eye movement, blood 
pressure, blood flow, electrocardiogram 
(ECG) and electroencephalogram 


Typical Specimens 

Typical specimens considered for in- 
clusion: 

• Ionopsidium— A form of algae, num- 
bering six in quantity will be placed in a 
24-oz., lj-in.-dia. cylindrical package 
measuring 3 in. in length. 

• Pinto beans— Four pinto beans located 
in a 4 bv 4 bv 6 in. container weighing 
12 1b. ' 

• Ncurospora-Mold spores, useful for 
studying mutations or genetic effects, 
will be placed in a foot long cylindrical 
package of 1-in. dia. Eight spores will 
be in the Tib. container. 

• Tribolium— Two small brown beetles 
(Tribolium) situated in a 6-in. dia.. 6-in. 
long cylinder weighing 6 lb. 

• Cockroaches— Three in a 4-in. square 
container weighing 3 lb. 

• Syrian hamsters— Four in a 1 -ft. -dia., 
6-in. long cvlindrical package weighing 
20 lb. 

The first two specimens would be 
photographed by time lapse photography 
and all but the beetles and cockroaches 
will be artificially lighted during flights. 

Typical biorhvthm data to be moni- 
tored during flights would include ham- 
ster temperature, activity and feeding, 
algae acidity, oxygen partial pressure and 
turbidity, cockroach activity and etcc- 
tromyograph. The data will be col- 
lected. commutated, recorded on a 100- 
min. capacity tape recorder and played 
back at 22:1 playback/record speed 

ergs' required for these experiments will 
be 600 watt-hours. 

Flights three and six, the first to 
take place some time in 1965, will carry 
ring-tailed monkeys on low altitude 
flights of 14 and 30 days duration. Elec- 
trodes will be surgically implanted in 
the animal’s brain to obtain electro- 
encephalograph, possibly in the aorta 
for obtaining cardiac information and 
at other points within its body for deep 
body temperature. Other electrodes 
will be sutured to the skin for electro- 
cardiograph and respiratory information. 

The entire primate experiment will 
consist of the monkey, a life cell couch 


A seven channel tape recorder will 
provide a post flight record of blood 
pressure, blood flow, respiration, ECG 
and EEG taken during re-entry decel- 
eration and after impact. 

While much of the biological and 
physiological data will be telemetered 
from space, the spacecraft will be 
designed to permit recovery of at least 
the experiments, on-board recorded 
data and the environmental control sys- 
tem for the experiments. 

During the current studies, the three 

techniques and recommend a recovery 
operation and recovery site based on 
reliability, minimum cost and elapsed 
time from re-entry to delivery of pay- 
load to the desired point. Recovers' by 
air snatch using cither helicopters or 
fixed ss’ing aircraft or recovery after 
water or land impact are all understudy. 
Nortllrop’s Ventura Div., which lias 
responsibility for Mercury and Apollo 
recovers', is assisting the company’s 
Space laboratories in this phase of the 
NASA studv. 


Spacecraft Design 

General outline of the spacecraft de- 
sign and system considerations include 
the following: 

• Spacecraft— Spacecraft is being de- 
signed to permit flexibility in exchange 
and inspection of experiments. Experi- 
ments arc to be inserted as late as 
three hours before launch. 

• Launch vehicle— Thor/Delta, Thor/ 
Agena D and Atlas/ Agcna D are prob- 
ably contenders as boost vehicles with 
final selection to be based on reliability, 

• Orbit— Advantages of improved track- 
ing and telemetry coverage obtained at 
high orbit altitudes arc being weighed 
against increased recovery accuracy pos- 
sible with a low altitude orbit. The 
need to hold maximum natural radia- 
tion dosage inside the experiment com- 
partment to two roentgens per day and 
the effects of aerodynamic forces on 
attitude control requirements and on 



Digital electronics systems and compo- 
nents have been designed and devel- 
oped by General Time with this 
single rule in mind— "Keep it simple, 
while meeting or exceeding perform- 
ance specifications." 

■ INCREMAG, the precision electronic 
counting element counter with a 
memory 

■ MU-CHR0N, the highly stable magnetic 
oscillator 

■ Solid State Delay Switches 

■ True Rotary Solenoids, no axial motion 

■ Digital control systems 

These General Time units for tim- 
I ing, counting, programming control 
and memory storage have reliably 
fulfilled stringent requirements of 
space, military and industry . . . and 
now stand as a high point in the 
state of the art. 

Based on solid state and magnetic 
core principles, General Time equip- 
ment offers these advantages : 

■ Design simplicity— dependability 

■ Low power consumption 

■ Minimum size and weight 

■ Resistant to shock, vibration, thermal 
stress 

General Time digital electronic units 
are available on an off-the-shelf 
basis, or can be readily modified to 
meet specific requirements. 


GENERAL TIME 
CORPORATION |TQ 

ELECTRONIC SYSTJGMS^DIVISION ggj 
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DESIGNING FOR 
TODAY’S 
CHALLENGE... 
AND TOMORROW’S 

The X-Y Mount was a new 
concept when Blaw-Knox de- 
signed and manufactured the 
first installation for NASA- 
Goddard a few years ago. To- 
day it is an accepted design. 
Earlier, Blaw-Knox designed 
and fabricated the first 
Tropospheric Scatter An- 
tennas capable of withstand- 
ing Arctic conditions. Before 
that were many other firsts in 
antenna design and fabri- 
cation. □ For the challenge 
of yesterday and today Blaw- 
Knox can offer unmatched ex- 
perience. For the challenge of 
tomorrow Blaw-Knox has the 
skill and the pioneering in- 
stinct to develop the necessary 
antenna designs. Advanced 
Products Division, Blaw-Knox 
Company, 300 Sixth Avenue, 
Pittsburgh 22, Pennsylvania. 



AEROSPACE • Designers 
and Builders of Fixed and Steer- 
able Antennas • Radio Telescopes 
• Towers and Special Structures 



85' Blaw-Knox Antenna with X-Y Mount 
solved problem of gimbal lock at Zenith 
for Goddard's satellite tracking station 
at College, Alaska. 


"TANK IN TRAP. . .BRING IT BACK' 


How to retrieve and transport a 60 ton tank over rugged 
terrain. In solving mobility problems suoh as this. Clark 
Equipment Company applies more than 60 years' experience in 
power transmission, material handling and transportation 
equipment development and manufacture. Only Clark has this 
unity of demonstrated capability. Invite Clark to participate 
ib an operations analysis, product or systems development 
approach to your mobility problem. Write or call Manager. 
Clark Development Division, Clark Equipment Company. 

Battle Creek, Michigan. 


orbit lifetime will influence high and 
low limits on orbit altitude. 

Launch from either Atlantic Missile 
Range (which does not have a Thor- 
Agena launch capability) or from Pa- 
cific Missile Range (which does not 
have a Thor-Delta launch capability) 
is being explored along with experimen- 
tal constraints, tracking station loca- 
tions, payload weight, etc. 

Pad modifications or new construc- 
tion at either AMR or PMR can be 
recommended, but is not considered too 
likely in view of the desire to keep costs 

The spacecraft will be interrogated 
once per orbit for at least three minutes 
to obtain spacecraft situation and ex- 
periment status reports. 

• Re-entry— A ballistic re-entry trajectory 
is to be followed. Re-entry decelerations 
aie not to exceed 20g. The need to keep 
temperature within the experiments be- 
low 100F during and after re-entry may 
require jettisoning of the spacecraft heat 
shield after re-entry. The effects of 
errors in spacecraft re-entry alignment 
and retrorocket impulse variation on 
heating and deceleration during re- 
entry and on landing point dispersion 
will be weighed against the restraints 
imposed by experiments, landing site 
selection and retrieval requirements. 

• Landing retrieval— Landing area se- 
lection will be governed by considera- 
tions of tracking station location, 
ground-based command capability, or- 
bit, landing dispersion, safety in jetti- 
soning retropackage and heat shield and 
the retrieval method. Landing require- 
ments are to be satisfied even if an air 
snatch is recommended. The maximum 
allowable deceleration which experi- 
ments are to undergo is 60g. An at- 
tenuating system to lessen impact may 
be explored. 

• Stabilization and attitude control— 
Active and passive stabilization tech- 
niques are being studied for keeping 
maximum acceleration experienced by 
the experiments during orbit to 10‘’g. 
Attitude control will not be necessary 
during orbit but is needed for re-entry 
to align spacecraft for retrorocket firing. 
Stabilization during the re-entry phase 
is necessary to satisfy requirements of 
heat protection and deceleration device 
deployment. 

Ames will coordinate integration of 
the biological payloads into the space- 
craft. 

Experiments will be prepared and 
checked out at Ames which is to have 
sole responsibility for coordinating the 
requirements of individual experimen- 
ters with the spacecraft contractor. 

Assisting Northrop Space Labs, in 
addition to its Ventura Div., arc Ray- 
theon Co., probably in the area of 
spacecraft stabilization, and Space Tech- 
nology Laboratories, which will provide 
telemetry. 



"Organization Charts are just 
paper! What management 
does my project get?” 


blocks light up on our project? 

TAPCO: They all do. They’re people. 
ssb : Okay, let’s say you have th 
horses. But can thev pull our wagon 

TAPCO: I could talk "man years" and 

at it this way. Some of these men made 
the valves for the Spirit of St. Louis. 
Others developed the booster pumps that 
made the Hump Run possible. Others 

pie, one of our young men is project man- 
ager on Sunflower. Excuse the corn, but 
what we've got is the kind of mix of old 
pros and hot rookies that wins pennants. 
SSB: What pennants? 

TAPCO: Okay. Specifics. We’ve taken 
on more than 44,000 specific contracts 
in aerospace. Delivered more than 
10,000,000 subsystems, components, 


and parts. 2,360 distinct designs. Over 
$900,000,000 worth. 

SSB: — at what performance level on 

TAPCO: We’ve delivered 93SS on time 
or ahead of schedule — at or below tar- 


i the 


esn’t? But I don 


i. You d 


And what we delivered did its job. 
TAPCO: Always. 

If you’d like to continue this conversa- 
tion in terms of your specific require- 
ments, write R. A. Paetz, Director, Re- 
quirements and Contracts, Tapco, TRW, 
23665 Euclid Ave., Cleveland 17, Ohio. 


TRW/2 


AVIATION WEEK & SPACE TECHNOLOGY, 


20, 1963 



CUSTOM 

SUP 

RINGS 

AT 

STANDARD 

PRICES 



Ill 

: : 



NASA Wants Manual Blind LandingSystem 


By Cecil Biownlow 

Lucerne— National Aeronautics and 
Space Administration now believes air- 
craft pilots or space crewmen should 
play active roles in envisioned zero-zero 
weather landing systems, primarily 
through manual control of their vehicles 
in response to inputs from electronically 
inspired display systems. 

NASA spokesman told delegates to 
the recent International Air Transport 
Assn.’s 1 5th Technical Conference here 
that the agency is moving away from 
earlier plans to provide the Apollo space- 
craft with a fully automatic landing sys- 
tem. Current thinking, he added, is to 
give crewmen an active role in descent 
and landing— partially because of the 
greater confidence such a system tends 
to inspire. 

He said NASA in general favors a 
zero-zero system such as that proposed 
by the Sperry-Phoenix Co. Designated 
Sperry Beacon Vision, the unit gener- 
ates an artificial image of the approach 
and landing area on a windshield dis- 

Tlte unit presents a runway outline 
similar to that provided by runway 
lights under visual conditions. Altitude, 
range, attitude and velocity also are 
represented in a manner approaching a 
visual image. 

The NASA official added that a simi- 
lar zero-zero landing capability will be 
required for supersonic transports and 
heavy V/STOL aircraft, even for VFR 
operations in the latter. 

In a report to the conference, Joseph 
G. Douvfllicr, Jr., and John V. Foster, 
from the agency's Ames Research Cen- 
ter, described work carried out at Ames 
thus far towards evaluating the potential 
of such a manual system— but only in 
the context of STOL and supersonic 
transport needs. 

The object of the study, according to 
the report, is to fulfill two special re- 
quirements. First is to provide a dis- 
play with which the pilot can land the 
airplane, making the same judgments, 
coming to the same conclusions and 
applving the same control techniques 
that he does during visual landings. Sec- 
ond is to install the sensing and the 
display-generating equipment on board 
the airplane, with the minimum pos- 
sible ground-based equipment. 

Differing with government and air- 
line proponents of an automatic or semi- 
automatic landing techniques (AW May 
1 3, p. 45), the NASA officials cited 
these advantages for a display system 
through which the pilot would play an 

• Manual zero-zero landing system 
should not require all of the equipment 


implied in an automatic system. 

• Display allowing a pilot to land the 
aircraft as he would under visual con- 
ditions requires no director or command 
information and, therefore, the equip- 
ment to compute such information 
would not be needed. 

• Since fewer components would be 
necessary for a fully manual system, it 
is reasonable to suppose that the unit 
would weigh less than automatic or 
semi-automatic systems, be less com- 
plex. cheaper and more reliable. 

• Finally, and probably most important, 
such a system would maintain the pilot 
at peak proficiency in the performance 
of his most critical maneuver. This is 
in opposition to the automatic or semi- 
automatic system which requires the 
pilot to perform in only the least de- 
manding conditions. 

Still another advantage cited for a 
unit relying solely upon airborne instru- 
mentation is the built-in capability of 
the user aircraft to land at smaller air- 
ports or other sites which do not have 
the ground installations needed for 
automatic systems— primarily accurate, 
highly-reliable directional ILS. 

Such flexibility, the report adds, 
could be of great benefit to short-haul 
commuter airlines operating from small 
airports. If no ground equipment were 
necessary, any airport with an adequate 
runway could become a stopping point. 
The military too could make good use 
of an airborne system for operating in 
and out of unprepared areas. 

Aside from Sperry, the report men- 
tioned similar systems under develop- 
ment by the Bendix Corp.— Microvision 
—and the Microwave Remote Area 
Instrument Landing System (MW- 
RAILS) designed by the Bell Helicopter 


Co. These systems, the report said, 
"provide many of the requirements. 
. . . Our goal is to satisfy these require- 
ments in one display.” 

These requirements, as foreseen by 
the Ames Research officials, include 
the following: 

• Pilot must be capable of landing con- 
ventional and STOL aircraft responding 
to the display in the same way he re- 
sponds to outside reference under VFR 
conditions. He should be able to cope 
with adversities, such as gusts, cross- 
winds and bounces. This implies that 
he also have the extra information upon 
which lie can plan a wave-off should the 
landing deteriorate. 

• Display must allow the pilot to rec- 
ognize any deterioration in the landing, 
at least as well as he can recognize it 
during visual landings. 

• Pilot must be able to use the display 
during VFR landings to develop confi- 
dence in the system and to gain and 
maintain experience and proficiency in 
its use. 

• Display must minimize, to zero if 
possible, any ambiguity or discord dur- 
ing transition from IFR to VFR condi- 
tions under not quite zero-zero weather 

Basic elements of the airborne sys- 
tems planned for use in the Ames test 
program include a forward-looking radar 
for azimuth, elevation, range and range 
rate to the touchdown point; a radar al- 
timeter for absolute height above the 
ground; inertial elements for certain air- 
craft motions and for smoothing the ra- 
dar altimeter data; a flexible on-board 
digital computer to process data from 
the sensor equipment and generate pilot 
display data, and suitable pilot display 
devices. 



Div.'s Propulsion Laboratory by Giannini Scientific Co.'s Plasmadync Corp.. Santa Ana. 
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Worthy of the Navy’s traditional signal of accomplishment, the inertial guidance system 
for the Polaris missile is doing its job in Polaris flight testing at Cape Canaveral. This 
high-accuracy guidance capsule, designed by the Instrumentation Laboratory of M.I.T. 
with industrial support furnished by General Electric and Raytheon, is an outstanding 
example of Navy/Industry teamwork. 

Moreover, high reliability has been maintained concurrent with technological improve- 
ment; the Mk 2 version of the guidance package is far lighter and more compact, yet is 
even more accurate than the Mk 1. With both versions of the guidance system now in 
production, General Electric has gained inertial guidance experience unmatched anywhere 
in the Free World. 

Despite a three-year acceleration in the overall Polaris program, deliveries of the inertial 
guidance systems have met every scheduled flight test, every submarine deployment date. 
And, with both Mk 1 and Mk 2, each guidance package is being produced at a fraction of 
its original cost: an example of extra effort from General Electric's Accent on Value. 

AEROSPACE AND DEFENSE GROUP GENERAL ^ ELECTRIC 


CLEAN SWEEP 
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New Thin-Film Infrared Sensor Developed 


By Philip J. Klass 

New rugged infrared detector, which 
is sensitive over the entire spectrum 
without cooling, has been developed 
by Barnes Engineering Co.. Stamford, 
Conn. The detector will make it pos- 
sible to design spacecraft attitude stabili- 
sation systems with no moving parts. 

The new thin-film thermopile detec- 
tor generates a small voltage when ex- 
posed to infrared radiation, in contrast 
to previously used thermistor bolometer- 
type sensors which only change resis- 
tance and therefore require the use of 
an external bias voltage and an electro- 
mechanical chopper. 


Bames currently is applying the new 
type detector to several spacecraft atti- 
tude sensor or earth-presence indica- 
tor systems under contracts with Fair- 
child Stratos Corp., Raytheon Co. 
and the National Aeronautics and 
Space Administration's Jet Propulsion 
Laboratory. 

The new thermopile detectors are 
fabricated using masking and vacuum 
deposition techniques similar to those 
employed in making thin-film micro- 
circuits. This permits a variety of 
elaborate multi-element arrays to be 
fabricated in microminiature sizes and 
assures a high uniformity of the product 
with low reject rates. The develop- 


ment of the new detector and the asso- 
ciated circuitry' required for its 
successful application were company- 
funded. 

The thin-film, solid-backed thermo- 
pile detector is essentially a rugged 
version of the vacuum thermopile pre- 
viously used in laboratory instruments, 
but which was too fragile for many 
avionic applications, including space- 
craft. 

It provides the infrared system de- 
signer with a wider choice of sensors, 
usually the limiting factor in system 
performance (see box, p. 97). 

Detectors consist of a thin sheet of 
Mylar, about i mil thick, as a substrate, 



CONSTRUCTION OF CIRCULAR thermopile infrared detector is shown (left). Closeup photo (right) shows typical detector arrays, devel- 
oped by Barnes Engineering, in contrast to size of dime. Devices include 20-elemcnt edge detector, upper left in photo; thermopile with 
120 active and 120 reference junctions, center; radial thermopile with 20 active and 20 reference junctions, right, and 40-element thermo- 
pile, bottom. New Barnes detector is sensitive over the entire spectrum without cooling and generates a small voltage when exposed to 
infrared radiation in contrast to thermistor bolomctcr-typc sensors used previously. 
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on target with liquid metal technology. Basic effort to increase our knowledge of critical technol- 
ogies is fundamental to our research. Liquid metal laboratory studies have now led to product appli- 
cations. Our liquid metal cell has produced electric power continuously for 24 hours. Liquid metal cools 
the Military Compact Reactor Allison is developing for the AEC, and is the key to an Energy Depot 
concept. This new technology is one more reason why our aerospace and nuclear programs are on target. 
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with a vacuum-deposited first layer of 
bismuth, typically 0.0025 cm. thick, 
followed by a layer of antimony. Other 
suitable materials also have been 
utilized. 

Tire dissimilar metal junctions thus 
formed provide the familiar thermo- 
couple action and generate a small 
voltage when the active junctions are at 
a different temperature than the refer- 
ence junctions. The active junctions 
are coated with carbon-black or gold- 
black to enhance their ability to con- 
vert impinging, infrared radiation into 
heat and change of temperature. 
Detector Configurations 

Barnes has produced several hundred 
such detectors to date, both in a cir- 
cular-star configuration and in a rec- 
tangular form. In the former, the 
Mylar substrate with deposited layers 
of bismuth and antimony is mounted 
on an aluminum collar so that the outer 
ring of junctions, which serve as the 
reference, makes good thermal contact 
with the aluminum collar but is electri- 
cally isolated from it. The active junc- 
tions are those in the center of the 
Mvlar substrate which arc exposed to 
infrared radiation. 

A similar construction is employed 
in the rectangular detectors with the 
reference junctions located along the 


two longitudinal edges of the substrate, 
which is attached to an aluminum chan- 
nel so that the active junctions along 
the center are not in thermal contact 
with the heat sink. 

Thin-film deposition techniques en- 
able Barnes to fabricate 120 active 
junctions within an area measuring 
1 x 8 mm. While the responsivitv of 
an individual deposited junction on a 
solid substrate is less than that for a 
single junction supported in a vacuum, 
the ability to deposit many micro-sized 
junctions in a small area tends to com- 
pensate for this because the over-all 
response of a detector increases pro- 
portionately with the number of junc- 

Tvpical performance characteristics of 
the new thin-film thermopile detectors, 
compared with figures for typical ther- 
mistor bolometer and vacuum thermo- 
pile types, quoted by Barnes Engineer- 
ing, reveal that the new detector comes 
close to matching the sensitivity of older 
type detectors and in some instances 
has a better time constant. 

For example, the noise equivalent 
power (NEP), a measure of sensitivity, 
for a new thin-film thermopile detector 
containing 120 active junctions in a 
lxS mm. area is 3.5 x 10- compared 
with 2 x 10'" 1 for a thermistor bolome- 
ter with an area of 1 x 1 mm. The new 


detector has a time constant of only 
6 ms. compared with 1 5 ms. for the 
thermistor detector. 

A circular configuration thin-film 
thermopile with 20 active elements in 
a 2-mm.-dia. size has an NEP of 7.6 x 
10-"' compared to an NEP of 8.2 x 10 " 
for a conventional fragile vacuum ther- 
mopile, with a time constant of 30 ms. 
for the former and 3 ms. for the latter. 

While the new detector is less sensi- 
tive than its laboratory' counterpart, it 
is far more rugged. The new cells have 
been subjected to MIL-STD-810 vibra- 
tion tests with peak accelerations of 30g 
between 99 and 2,000 cps., without 
physical damage or deterioration in per- 
formance, according to the company. 
The detector also has performed with- 
out degradation after being soaked in 
liquid nitrogen at 77K and then sub- 
jected to 100C temperatures. 
Temperature Changes 

Ambient temperature changes have 
far less effect on the new detector than 
on a thermistor type, providing that 
both reference and active junctions are 
exposed to the same temperature. Tests 
indicate that the responsivitv of the new 
detector varies less than 10% from its 
0C value over the temperature range 
from — 60C to 80C. 

Because of its relative insensitivity to 
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Raytheon beams TV programs over 
mountains to remote valley towns 

Spanning the tallest mountains with electronic seven-league 
boots, microwaves transmitted by Raytheon relay equip- 
ment bring the pleasures and excitement of television pro- 

blacked °out to TV entertainment. High in the Rockies, 
virtually inaccessible in winter, this dependable Raytheon 
equipment braves the elements, operates unattended 

Raytheon electronics serve in commercial communica- 
tions, too. For example, Raytheon holds contracts from 


Western Union to produce and install microwave relay 
stations as part of a far-flung transcontinental network for 
transmitting voice, teletype, facsimile, and high speed data 
—as many as 240 messages simultaneously. 

Overseas, you'll find Raytheon at work on equally chal- 
lenging assignments, providing microwave relay links for 
air traffic control, communic 
and a host of other applicatio 
government and business. Raytheon | 

Company, Lexington, Massachusetts. 


EraytheonJ 



wide changes in ambient temperature 
and because the new detector does not 
require any bias voltage, it is not neces- 
sary to use an electro-mechanical chop- 
per to distinguish between infrared ra- 
diation-produced signals and those 
caused by variations in ambient temper- 
ature or bias voltage. This advantage 
docs not come without certain attend- 
ant disadvantages, according to Eric 
Wormser, vice president and general 
manager of Barnes' Defense and Space 
Div. 

Impedance Level 

For example, the impedance level of 
the new detector is relatively low, rang- 
ing from about 10 to 1,000 ohms. At 
minimum detectable radiation levels, its 
output voltage is only a fraction of a 
microvolt or a few microvolts at most. 
To utilize a detector having these char- 
acteristics, Barnes had to develop com- 
patible modulation and amplifier tech- 

The company has developed an all 
solid-state, photoconductivc-tvpc modu- 
lator for converting the extremely low- 
level detector output into square-wave 
a.c. for subsequent amplification to usa- 
ble levels. The modulator uses two neon 
bulbs operating in a relaxation oscillator 
flip-flop circuit to illuminate alternately 
two cadmium selcnide photoconductors 
(see sketch, p. 91). The modulator has 
a d.c. noise level comparable to that of 
the new detectors, Wormser said. For 
a typical application, the circuit is de- 
signed so that the neon tubes flash on 
and off approximately 1 00 times per sec- 
ond, providing 100 cps. modulation. 
Detector Application 

For the present, Barnes does not in- 
tend to sell the new thin-filin infrared 
detector as a commercial product al- 
though it may do so at some future date. 
One reason for this decision is that new 
skills and considerable experience are 
required for its successful application. 
For example, at the microvolt signal 
levels involved, the use of two different 
materials in connecting the detector to 
the preamplifier, such as solder and cop- 
per, or gold wire can result in spurious 
voltage from unintentional thermocou- 
ple junctions if a temperature differen- 
tial exists. 

The two photoconductors used in the 
square-wave modulator must be main- 
tained at approximately the same tem- 
perature, which means that sources of 
heat within the amplifier must either 
be shielded or arranged to irradiate both 
photoconductors equally, according to 
Frank Schwarz, staff consultant and co- 
ordinator of research and development 
at Barnes. 

The modulator circuit must be de- 
signed for extreme stability. Despite 
several years of work on such circuits. 
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some of our projects are 



...all are critical 



We treat every job as critical to the client. On some jobs we handle 
design and engineering; on others, management and operations. We fre- 
quently provide services for advanced technology. Our background Isstrong 
in turnkey construction. 1A competent engineering firm should be selected 
early in your planning. Write for our new qualification record brochure: 
Project Development, Holmes 4 Narver, Inc., 828 South Figueroa Street, 

Los Angeles 17, California. 

V HOLMES & NARVER, INC. since 1933 J 
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On October 10, Canaveral had a problem: 
low temperatures were making lox filters fail 
during missile loading, resulting in 
contamination of the missile’s oxidizer. 


On October 11, we were railed in. Two weeks 
later, we bad licked the problem and 
designed, manufactured, and delivered 
the new filter units. 


What’s your problem? 


We don't solve every filtration problem in two weeks. Bui we know our business, and 
we have llie most extensive facilities for filtration research, development, testing, 
design, and production. Can we help you? Our phone number is 401-726-1950. 


FRAM AEROSPACE ( fill 


Infrared Detector Limitations 

Characteristics of previously available infrared detectors which have limited their 
use or performance in spacecraft stabilization and other applications include the 
following: 

• Photoconductor detectors, made from semiconductor materials, are far more 
sensitive than any other type but their sensitivity is limited to the near-visible end of 
the infrared spectrum (about two microns) unless cooled. To operate beyond about 
eight microns, where spacecraft stabilization sensors operate best, the pliotoconductor- 
type detector must be cooled to liquid helium temperature, which adds weight and 
complexity and poses reliability problems. 

• Thermistor bolometer, which has lower sensitivity but is responsive over the entire 
infrared spectrum without cooling, lias been widely used in spacecraft. However, it 
requires the use of a large biasing voltage to detect minute changes in detector 
resistance, about one part in 10 million, produced by infrared energy impinging on a 
tiny carbon flake and raising its temperature. Since a change in ambient temperature 
or bias voltage can produce an effect which is indistinguishable from infrared heating. 

in a bridge circuit with tile active flake but not exposed to infrared radiation. 

changes identically over tlie wide temperature range encountered in satellite applica- 

per which alternately exposes the active flake to infrared radiation then blocks out 
the radiation. This provides a dark reference signal level and an illuminated signal 

inserted between the thermistor detector and the preamplifier blocks signals resulting 
from slow ambient temperature or bias voltage changes while passing only the alter- 
nating signal produced by the chopper. But the chopper motor poses bearing- 
lubrication problems in the space environment in addition to adding to system weight 
and power consumption. 

rather fragile supports. This type detector requires no bias voltage and generates 
a small signal voltage when its active junction is exposed to infrared energy. It is 
too fragile for use in missile, aircraft and spacecraft applications, however. 


Schwarz says, the company is not fully 
satisfied with the results and is develop- 
ing improved circuits. 

Company officials fear that if the new 
thin-film thermopile detectors were 
placed on the market today, many com- 
panies would try to apply them without 
sufficient background and might be- 
come disillusioned. Until the applica- 
tions technology is firmly in hand, 
Barnes plans to sell the new detectors 
only in systems which it has engineered 
itself. 

Approximately two-thirds of the 
power consumed by conventional infra- 
red stabilization sensors is used by the 
chopper motor, which can be eliminated 
using the new type detector. Equally 
important, a potential source of system 
failure in satellites intended for long 
operational life is eliminated. 

^ FILTER CENTER 4= 
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► X-l 5 Measures Rocket Spectral Emis- 
sion— Air Force has developed a novel 
approach for measuring the spectral 
emission of rocket engine plume at 
extremely high altitude and the back- 
ground radiation from the earth. The 
technique utilizes the X-l 5, presumably 


to obtain data for use in missile early 
warning satellites, such as the Midas. 
(AW Sept. 24, p. 54). An ultraviolet 
scanning spectrometer, built by Barnes 
Engineering Co., Stamford, Conn., is 
installed in the tail of the X-l 5 so that 
it can view the plume of the aircraft’s 
rocket engines during powered flight. 
When the engine cuts out and the 
X-l 5 is arching upward, the spectrom- 
eter views the earth’s ultraviolet back 
ground radiation. The 42-lb. device 
measures over the 2.000- to 5,200-Ang- 
strom range with a resolution of 2-3 
Angstrom. A special logarithmic com- 
pression technique enables the Barnes 
device to measure radiation intensities 
over a 5,000:1 range with an accuracy 
better than 10%, according to the com- 
pany. 

► Quantum Electronics Group May 
Form— Questionnaire-petitions are being 
circulated among scientists working in 
the field of lasers to determine interest 
in forming a new Institute of Electrical 
and Electronics Engineers professional 
group on quantum electronics. Major- 
ity of those surveyed favor the forma- 
tion of such a group. 

► Powerful CW Laser Reported— A 
continuously operating laser which gen- 



The PELMEC 
soft answer 
your 


ation 
problems 


Vehicle stages, stores attachments, 
towlines, tethers, and other struc- 
tures are currently being released — 
instantly and smoothly— with Pelmec 
radial-ball separation devices. 

Completely free of axial force, frag- 
mentation, explosive shock, and 
escaping gases these devices are 
actuated by the propellant-pressure- 
driven motion of an internal release 
piston or electrically by a solenoid. 

Units feature: fast actuation, reli- 
ability, re-usability, and manual- 
operation capability. Illustrated: 
Pelmec Model 1020 Ball-Release 
Separation Bolt. Current designs 
are capable of 30,000-lb tensile load. 


Ask for technical information on 
• safe/arm devices 


• propellant-acluated di 
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COMMAND 

RECEIVERS 


PROVEN RELIABILITY IN ACTUAL USE has made Motorola 
command receivers the most widely specified command instrumentation 
today for advanced aerospace functions. These compact FM receivers de- 
liver a threshold sensitivity of 5 microvolts over a full temperature range of 
—54° C to +71° C. and have been fully qualified to other extreme environ- 
mental requirements of the most rigorous missile and space applications. 
They can also be supplied with a complete selection of tone channels from 
0 to 20. For example. . . USED ON SATURN, Motorola Model MCR-101, 
shown in illustration above, provides 10 channels, weighs only 2 lbs., 15 oz. 
USED ON AGENA v MCR-307, the smallest, lightest 3-channel 

unit made, weighs but 2 lbs, USED ON POLARIS MCR-312, 

features an isolated ground system , supplie s 3 decoder channels, weighs 3 lbs. 
USED ON MINUTEMAN MCR-403, contains 4 decoder 

channels, weighs 3 lbs., 13 oz. USED ON MERCURY f 
MCR-102/MAD-101, receiver-decoder combination, provides a 20 channel sys- 
tem, weighs but 5 lbs. Standard 3- and 10-channel receivers are available for 
fast, off-the-shelf delivery. For full performance specifications, or modification 
data to meet other parameters, write our Instrumentation Products Group today. 


MOTOROLA 


Military Electronics Division 

8201 East McDowell Road, Scottsdale, Arizona 


crates 9 «•. of power lias been achieved 
by Air Reduction Co.’s research lab- 
oratories, using a four-level dysprosium- 
doped calcium fluoride crystal excited 
by four xenon high-pressure lamps in 
a cloverleaf-type cavity. The power 
level is 30 times that previously reported 
for CW lasers, the company says. It 
expects to apply improved versions com- 
mercially for welding light-gauge metals 
and chemical synthesis. 

► Antennas Calibrated From Stars— Air 
Force Cambridge Research Laboratories 
are using the energy from two radio 
stars, Cassiopeia A and CygnuS A. as 
standard known signals to measure the 
efficiency and performance of large an- 
tenna dishes which previously were 
extremely difficult to evaluate. The 
procedure, developed by AFCRL's 
Space Physics Laboratory, is based on 
recent theoretical work bv Prof. H.C. 
Ko of Ohio State University. 

► USAF Plans New Microcircuit Hard- 
ware-Aeronautical Systems Div., Day- 
ton. is seeking qualified sources for 
development of a pulse code modulation 
(PCM) telemetry transmitter using thin- 
film and semiconductor microcircuitry. 
Program is designated KF.B-4107-64-S. 
ASD also is seeking qualified sources for 
an experimental UFIF high-power mi- 
crocircuit solid-state transmitter capa- 
ble of delivering more than 100 w. 
( KEB-4 33 5-64-6C ) . Also, development 
of techniques suitable for an extremely 
reliable anti-jam system using micro- 
circuitry is designated KEB-4335-64-6A. 
Still another program for which quali- 
fied sources are sought calls for develop- 
ment of a completely solid-state telem- 
etry’ transmitter and receiver for UHF 
and microwave frequencies "utilizing 
unique components and techniques for 
vastly reducing volume, weight and 
power consumption,” identified KEB- 
4107454-1 1A. 


► Microcircuit Activities Expand— Air- 
borne Instruments Laboratory and Ra- 
diation, Inc., are two of the latest 
avionics equipment manufacturers to set 
up in-house microcircuit fabrication fa- 
cilities. The AIL group is emphasizing 
sequential-process thin-film techniques, 
while Radiation is working with semi- 
conductor microcircuitry. The trend is 
likely to accelerate as a result of the 
recent Bureau of Naval Weapons Avi- 
onics Div. microcircuit conference, 
which impressed those in attendance 
with the large number of avionic equip- 
ment manufacturers now applying mi- 
crocircuitrv to new designs. 


► Microcircuit AN/ ARC-1 04 Impres- 
sive— Of the various types of Navy avi- 
onics equipment using microcircuit 
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construction reported or shown at the 
recent BuWeps conference, one of the 
most impressive was the AN, ARC-1 04 
high-frequency, single-sideband trans- 
ceiver being developed by Radio Corp. 
of America. RCA has been forced to 
devise a number of new design tech- 
niques to enable the ARC-104 to be 
built without inductors and mechanical 
tuning mechanisms used in conven- 
tional designs. The ARC-104 is ex- 
pected to occupy about $ cu. ft., roughly 
half the space of the present ARC-65 
single-sideband transceiver. 

► BTL Reports New Gas Lasers— Laser 
action has been observed in four new 
gases— nitrogen, bromine, carbon mon- 
oxide and sulphur hexafluoride— by 
scientists at Bell Telephone Laborato- 
ries. Tlie new gas lasers operate on the 
basis of breaking up a polyatomic mole- 
cule so that the atoms attain an excited 
state conducive to laser action, a prin- 
ciple first employed in the oxvgen-argon 
and oxvgcn-neon lasers discovered in 
fune, 1962. 


► New Thin-Film Storage Element— A 
three-state, thin-film magnetic storage 
element which eliminates the need for 
coincident pulses for write/read-out, 
opening the way to greater speed and 
versatility, has been developed by Inter- 
national Business Machines Corp. New 
memory is made of a bi-axial magnetic 
material which exhibits two stable mag- 
netic axes in contrast to previously used 
uni-axial material. With an intermedi- 
ate magnetic state, two current pulses 
needed to set the element can be se- 
quential and of shorter duration, IBM 


► High-Resistance Thin-Film Achieved 
-Thin-film resistors with resistivities as 
high as 10,000 ohms per square, con- 
siderably higher than previously re- 
ported, have been achieved bv Bell Tele- 
phone Laboratories by sputtering tan- 
talum in a partial oxygen atmosphere, 
BTL reports. This permits fabrication 
of a thin-film, 100-megohm resistor on 
a substrate area of only 0.02 sq. in. 

► Mammoth Memory Developed-Disc- 
filc type computer memory with a 
capacity for 960 million characters, pro- 
viding access to any item of stored in- 
formation in 0.02 sec., has been devel- 
oped by Burroughs Corp. Nearly 6.000 
remote teletype inquiry stations can be 
used with the new file system, the com- 
pany says. It is expandable in modules 
of 9.6 million characters. 

► MIT Opens New Magnet Laboratory 
—National Magnet Laboratory, with fa- 
cilities capable of generating a continu- 
ous magnetic field of 250,000 gauss, has 
been opened by Massachusetts Institute 
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TRANSPONDERS 

PROVEN RELIABILITY IN ACTUAL USE makes Motorola 
radar transponders the logical choice for critical tracking, data and control 
missions. Case in point... AN/DPN-66 (Motorola SST-102A) illustrated above, 
USED ON SATURN. PERSHING and over 15 other current aerospace 
programs. A precision C-band unit, weighs 10.8 lbs., occupies 200 cu. in., it is 
just one of a complete line of transponders ready for fast, off-the-shelf delivery. 
Others include: USED ON SCOUT, ATHENA and at WSMR ^ 
SST-131, this transponder is an extremely rugged microminiature superhet- 
erodyne unit, weighs only 3 lbs. and occupies just 40 cu. in., qualified for 
high-thrust, solid propellant boosters. Power: 400 watts. Sensitivity : —65 dbm. 
USED AT AFMTC AN/DPN-71, a high-power, superhetero- 

dyne unit for deep-space tracking assignments. Power: 20 k w. Sensitivity: 
—75 dbm. USED ON SATURN, and PERSHING AN/DRN-11, 

UDOP (UHF Doppler) transponder provides extreme range and position accu- , 
racy for ballistic vehicles. Power: 3 watts (15-watt power amplifier opti onal). 
Sensitivity: 5 microvolts. USED ON NAVY AIRCRAFT 
AN/APN-132, an X-band transponder with 5 channel decoder. Power: 100 
watts. Sensitivity: —65 dbm. For full performance specifications, or modifies- I 
tion data to meet other parameters, write our Instrumentation Products Group. 

MOTOROLA 
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FROM DIFFERENCE ENGINE TO COMPUTER 



Pari of BABBAGE'S DIFFERENCE ENGINE (circa 1830) which was designed lo calculate functions through 
life to a "universal'' analytical machine. (British Crown Copyright. Science Museum. London) 


AC NAVIGATION SYSTEMS- 

ACCURATE, RELIABLE, LOW COST, DELIVERED ON SCHEDULE 

AC's highly qualified research, development and production team includes scientists, 
engineers, technicians, management and staff personnel. In addition, AC has two fully 
integrated research laboratories and modern production facilities with over l'/j million 
square feet of floor space. Result: Inertial guidance systems for MACE, THOR, TITAN II 
and III: a navigational-guidance system for project APOLLO: Bombing Navigational 
System Integration for the B-52C&D; a new stellar inertial guidance system for mobile 
missiles and spacecraft: precision inertial components for these products and computers 
for sea, land, air or space navigation. To take these people and facilities, and to develop 
these systems and capabilities required organization— AC organization. 

This same organization is available to you. Let us solve your navigation and guidance 
problems with our proven capability for low-cost development, best time to first flight 
with outstanding accuracy. Contact Director of Sales, AC-Milwaukee. 



MASTER NAVIGATORS 
THROUGH TIME AND SPACE 

AC SPARK PLUG • THE ELECTRONICS DIVISION OF GENERAL MOTO 
7929 South Howell, Milwaukee 1, Wisconsin 


MAGIC-The first lightweight general purpose airborne 




of Technolog)'. The S6-million facility 
was built under sponsorship of Air Force 
Office of Aerospace Research. 

► Multiple-Reflector Antenna Demon- 
strated— An array of four 30-ft.-dia. para- 
bolic antennas, which are synchronized 
and phased to perform as a single an- 
tenna, equivalent to a 60-ft.-dia. dish, 
has been successfully tested at Ohio 
State University's Antenna Laboratory 
in a moon-bounce experiment. The ar- 
ray, built under Rome Air Development 
Center sponsorship, will be used for 
passive communication satellite tests 
with Echo 2 later this year. 

► EIA Microcircuit Conference— First 
national conference on microcircuitry 
sponsored by Electronic Industries As- 
sociation, in cooperation with Univer- 
sity of Pennsylvania, will be held at 
Irving Auditorium, Philadelphia, Dec. 
10-11. Conference on Micropower 
Electronics, sponsored by NATO Ad- 
visory Group for Aeronautical Research 
and Development, is expected to be 
held in June at a European site. 

► On the Corporate Checkerboard- 
Radio Corp. of America's Burlington, 
Mass., facility has been designated as 
headquarters for company's Aerospace 
Communications & Control Div, 
(ACCD), which includes work carried 
on at RCA's Camden, N. J., plant. Dr. 
Harry J. Woll has been named chief en- 
gineer for ACCD. . . . Ling-Temco- 
Vought, Inc., has moved its Display 
Systems Plant from Culver City. Calif., 
to Garland, Tex. The group produced 
Iconorama dynamic situation displays 
used at North American Aerospace De- 
fense Command (Norad) headquarters. 

► Signed on the Dotted Line— Major 
contract awards recently announced by 
avionics manufacturers include: 

• Radiation, Inc., S3. 3 million for two 
completely automated telemetry data 
processing systems, one to be used for 
Apollo and the other for Saturn S-2, 
from North American's Space and In- 
formation Systems Div. 

• Polytechnic Institute of Brooklyn 
will investigate new materials, particu- 
larly organics, capable of being used in 
continuously operating lasers under a 
S71.000 contract jointly awarded by 
Advanced Research Projects Agency 
and the Office of Naval Research. Ma- 
terials to be investigated include lumi- 
nescent dyes and other aromittic organic 
luminescent materials dissolved in plas- 
tics and organic and inorganic glasses. 

• Electronic Communications, Inc., re- 
search division, Timonium, Md., will 
investigate electronic control of laser 
beams under a S90.510 contract from 
Air Force Cambridge Research Labora- 



RESPONSIBILITY 

Complete reliability in a single source 

Total responsibility means both the 
TECHNICAL and MANAGEMENT 
capabilities to conduct electrohydraulic 
fluid control programs from conception to 
completion. Your program in our hands is 
produced as it should be: efficiently and t 
with guaranteed product reliability. | 
Behind us is a record of producing o 
6000 integrated control packages. 


TOTAL 


H YDRAULIC , 
RESEARCH | 

and Manufacturing Company 

Division of Bell Aerospace Corporation 
- another teXtfOnl Company 

2835 N. Naomi St., Burbank, Calif. • Victoria 9-6111 
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* SIGMAS - Signal Measurement and Analysis System 

Radar Fingerprint Expert. SIGAAAS is an integrated, modularized, electronic /microwave instru- 
mentation system for Spectrum Measurements, Spectrum Surveillance and Radiometric Mapping. It 
provides the stimuli, receivers, programming, control, measurement, and test functions for the determi- 
nation of electromagnetic radiation and susceptibility of all RF systems. □ Basically the equipment 
consists of a combination receiver -spectrum analyzer, high and low power signal 
sources and necessary test antennas, data recorders, and ancillary equipment. 

□ Problems solved in designing the spectrum signature measurement system provides 
excellent background and necessary experience for spectrum surveillance systems 
development. This experience, plus related research and development, clearly places 
Sperry /Clearwater in a unique position - with engineering and production capability 
for spectrum surveillance systems. □ For additional information and SIGAAAS brochure, 
write or call SPERRY MICROWAVE ELECTRONICS COMPANY, Clearwater, Florida. 


DIVISION OF 
SPERRY RAND 
CORPORATION 


NEW AVIONIC 
PRODUCTS 



• RFI-pressure scaling products, for pre- 
venting radio interference, arc fabricated 
from a conductive vinyl material with 
uniform resistivity of 8 ohms per cu. cm. 
and operate over temperature range of 
— 40C to 90C. Material is available in 
variety of gaskets, tubes and molded 
shapes. Descriptive bulletin is available. 
Colonial Gasket Co., 302 Marlton Pike, 
Cherry Hill, N. J. 



• Miniature bulk-tantalum capacitor, 
containing no electrolyte, matches per- 
formance of conventional capacitors up 
to 1 0 times its size, according to manu- 
facturer. New capacitor, called Hi-Vol- 
Tan. operates up to 125 v., with break- 
down voltage of 200 v., and operates 
over temperature range of — 100C to 
1 2 5C. Technical specifications arc avail- 
able. General Instrument Corp., Ca- 
pacitor Div., 65 Gouverneur St.. New- 
ark 4. N.J. 



Sierraglo electroluminescent instrument panels glow: 
there are no bulbs to burn out! 

Sierraglo panels glow evenly: with a light uniformity 
of 1.1 to 1! 

Sierraglo's unique process seals special phosphors in 
tough plastic coated with a durable transparent metallic 
film. (Known as Sierracote, this film has been proved in 


• Silicon controlled rectifiers for pulse- 
modulation applications, Tvpes MCR- 
729-5 through MCR-729-10, can oper- 
ate at repetition rate of more than 
1 0,000 pulses per second at up to 800 v. 
and with repetitive pulse currents to 
100 ainp., according to manufacturer. 
The devices are housed in A-in. stud 
package and have a continuous current 
rating of 2 amp. at 105C junction tem- 
perature. Minimum drop-out current is 
5 ma. and turn-on time is quoted at 0.2 
microsecond at 30-amp. pulse current. 
Technical specifications are available. 
Motorola Semiconductor Products, 
Inc., P. O. Box 955, Phoenix 1, Ariz. 


thousands of aircraft windshields). The result is a rug- 
ged lightweight instrument panel lamp, cool to the 
touch and requiring only 0.1 or 0.2 watt per square inch. 
Sierraglo panels have passed tests by the U.S. Bureau 
of Standards. Want more information? Write for our 
technical data. 

S3 

THE SIERRACIN CORPORATION • 903 No. Victory Blvd. • Burbank, Calif. 
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AERONAUTICAL ENGINEERING 


General Dynamics Defends F-lll Design 


Washington— General Dynamics offi- 
cials told the Senate Permanent Inves- 
tigations Subcommittee that their Ann’s 
winning F-lll tactical fighter design 
"represents the best and most straight- 
forward approach to the TFX require- 
ment and can be built for the least total 
program cost.” 

Roger Lewis, General Dynamics pres- 
ident, said, "I have complete confidence 
that we can and will deliver to the 
users a weapon system that will give the 
United States a tactical air capability 
second to none.” He noted the finn's 
past performance, including the simul- 
taneous production of five major 
weapon systems— Atlas missiles, nuclear 
submarines, B-5S bombers, F-102 and 
F-106 fighters and Terrier and Tartar air 
defense missile systems, “No other 
company in the world can match that 
record,” he said. 

Lewis said that between 1923 and 
1953, when it became part of General 
Dynamics, Convair produced 42 dif- 
ferent aircraft models, while its associate 
in the F-lll project, Grumman Aircraft 
Engineering Corp., has produced over 
25,000 aircraft-23,500 of them carrier- 
based fighter or attack aircraft— since 
1930. 

Team Capability 

“There can be no question about the 
capability of the General Dynamics- 
Grumman team, with its associated 
major subcontractors, to deliver to the 
using services an aircraft that will meet 
their highest requirements, immediately 
and for the decades following," he said. 

The subcommittee, headed by Sen. 
John McClellan (D.-Ark.), is investi- 
gating award of the contract, which may 
eventually be worth S6.5 billion, to 
General Dynamics, rather than Boeing. 

Frank W. Davis, president of the 
General Dynamics’ Ft. Worth Div, 
which is building the F-lll, gave a de- 
tailed statement to the subcommittee 
covering the major technical points at 
issue in the rival General Dvnamics- 
Grumman and Boeing designs: 

• Supersonic dash. Me said sixth- 
sevenths of the 1,700 F-l 11s— those for 
USAF— are designed for the tactical mis- 
sion of dashing over the battlefield at 
supersonic speeds to escape ground de- 
fenses. dropping bombs and then re- 
turning to the base at subsonic speed. 
He said the superior dash speed of Gen- 
eral Dynamics' F-lll design was ex- 
tremely important because, among other 
things, it determines how far from the 
target the aircraft can be based. The 


more penetration afforded by high 
speed, the farther the aircraft can be 
based from the enemy’s defended area. 
Taking this into account, Davis said, 
the General Dynamics F-lll could 
cover 19% more targets in Europe than 
the Boeing design and 14.5% more in 

"This is a direct measure of wartime 
combat effectiveness," Davis said. “This 
is what you and I are paying for. Thus, 
the General Dynamics TFX gives you 
more combat effectiveness per dollar.” 
He said General Dynamics achieved 
this superiority by designing its frontal 
area smaller than Boeing’s. "This is 
the true significance of General Dy- 
namics’ admitted superiority in the 
supersonic design of the TFX. This is 
the guts of the whole design problem 
for the Air Force airplane. This advan- 
tage has been obtained only by the 
most careful shaping of the fuselage and 
wing, and by carefully positioning the 
engine inlets for maximum efficiency,” 
Davis said. 

• Ferry range. Subcommittee earlier 
said the Boeing F-lll ferry range was 
1,100 naut. mi. longer than General 
Dynamics F-lll with external tanks, 
and 450 naut. mi. longer with internal 
tanks (AW Mar. 25, p. 1963). Davis 
said the General Dynamics design 
“meets the range requirement comfort- 
ably," and added that the only specified 
USAF requirement was with internal 
tanks. “You can hang additional ex- 
ternal fuel tanks on the airplane until 
a reasonable operational weight is 
reached long before the physical re- 
straints arc reached for installation of 
external tanks," he said. Therefore, the 



General Dynamics aircraft with its 
stronger landing gear and room for 
attaching hard points on the wing could 
actually carry enough external fuel tanks 
to exceed Boeing’s range. 

• Bomb loads. He said the greater capa- 
bility here claimed for the Boeing de- 
sign is not significant because as in the 
case of external fuel tanks, the General 
Dynamics F-lll, with its structural 
strength, could be loaded down with 
whatever external bomb load was de- 
sired. “The simple fact is that cither 
airplane can greatly exceed the bomb 
load requirements,” Davis said. "It is 
also reasonable to expect that the Gen- 
eral Dynamics airplane could be pushed 
to greater overload because of the 
greater load-carrying capability of the 
structure and the option exists of put- 
ting on the (stronger and interchange- 
able) Navy landing gear at any time 
that it might be desired to further in- 
crease the strength for rough field opera- 
tion at extremely high gross weights.” 

• Landing distance. The Boeing F-lll 
was rated as being able to land in 590 
ft. less distance than the General Dy- 
namics aircraft. Davis said either de- 
sign meets the requirements, adding 
that Boeing's superiority comes from 
the proposed use of thrust reversers. 

• Thrust reversers. "The thrust re- 
verscr for the TFX must be able to 
stand up in service and operate very re- 
liably even though its parts must fre- 
quently withstand the severe vibration 
and 3.000F temperature of afterburner 
operation not required in transport ap- 
plications,” Davis said. "In addition, it 
must not warp or bend enough to allow 
even a small degradation in nozzle ef- 
ficiency, for it is intimately associated 
with the already complex and sensitive 
nozzle system of the TF 30 (JTF10A- 
20) engine.” 

Dive & Wheel Brakes 

General Dynamics had discussed the 
situation with Pratt & Whitney and 
the Rohr Corp.. both of which build 
thrust reversers. Davis said. “We do not 
believe a satisfactory thrust reverser will 
be developed in time to meet the needs 
of early TFX airplanes," he said. Con- 
sequently, his firm will use "the tried 
and true" dive brake system and wheel 
brakes, he said. “If and when a satis- 
factory thrust reverser is developed," he 
said, “and we are anxious to aid in such 
development, the General Dynamics en- 
gine installation design and airplane bal- 
ance will allow for its installation.” 

Despite these assurances, Sen. Mc- 
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Grumman’s Variable Sweep Wing Work Cited 


Washington— Grumman’s experience with the complicated 
variable sweep wing for the XF10F-1 will help assure the suc- 
cess of its use on the F-lll (TFX), tactical fighter. Grumman 
and General Dynamics officials told the Senate Permanent In- 


Corwin H. Meyer, Gnunman aircraft development director, 
said the XF10F-1 variable sweep wing "was based on a design 
considerably more complex than is necessary for the TFX.” 
Frank W. Davis, General Dynamics Ft. Worth Div. president, 
said experience with the XF10F-1 wing can be applied to the 
F-lll, making unnecessary a “special prototype program” to 
duplicate the experience, thus saving time and money. 

Meyer was program director and project pilot for the 
XF10F-1, an aircraft developed in the late 1940s for the Navy. 
Grumman designed and built three XFlOF-ls, including one 
static test model. He said over 200 lift-offs and flights were 
made during the development program. In 1951, Grumman 
received the first production contract to procure long lead-time 
items for 84 aircraft, but the aircraft itself never went into pro- 
duction because of problems not associated with the variable 
sweep wing. All told, he said, the program entailed 1.6 
million man-hours of engineering and 2.6 million man-honrs of 
tooling and manufacturing. Meyer said the project established 
three points: 

• "The variable geometry wing was structurally and operation- 
ally feasible and did provide a major state-of-the-art increase in 
aircraft performance. 

• "Stability and control problems which would be encountered 
in the flight test program of a variable sweep aircraft would re- 
quire unique solutions. For instance, it was learned that the 
lateral control or ailerons which were traditionally located on the 
wing tips would have to be located elsewhere on the airplane at 
high angles of wing sweep. 

• “A variable sweep airplane should be designed with all possi- 
ble concern as to the location of the horizontal tail because of 
the problems of pitch-up associated with extreme angles of wing 

• ‘Control surface sizing would be a significant problem with 
the large flight envelope provided by the much lower stall 
speeds and the much higher maximum speeds of the variable 
sweep wing." 

Although Grumman proved the variable sweep wing was 
feasible, the Navy decided to modify carriers to incorporate 
the steam catapult and angled deck so they could handle inanv 
of the fixed swept-wing jets already programed. But as take-off 


and landing speeds of carrier-based jets increased in the early 
1960s, Meyer said, the variable sweep wing again looked prom- 
ising. The F-lll will test the concept for large fighters. 

Meyer contended that the risk of achieving the variable sweep 
wing on the F-lll “is greatly redneed" for the General Dynarn- 
ics-Grumman design, because of the XF10F-1 experience. He 
cited these comparisons: 

• Wing construction. “While the TFX wing rotates from a 
single pivot point out on the wing.” Meyer said, "the XF10F-1 
wing translated and rotated inside of the fuselage to provide the 
same aerodynamic effects. This imposed substantial structural 
and design problems in the routing of control, fuel and hy- 
draulic systems through these multiple moving sections. 

“In addition to the contiol, fuel, and hydraulic systems capa- 
ble of operating while the wing was in motion, the wing sweep 
joint was designed with: bomb racks that pivoted on the wing 
to keep the bombs parallel to the fuselage as the wing moved; 
integral bladder type fuel tanks; an 80% span Fowler flap, 
and a unique wing motion closure fairing mechanism in the 
wing-fuselage juncture designed to keep this area airtight while 
the wing was in motion. All of these systems presented design 
and manufacturing problems similar to those now being solved 
in the TFX design. 

“The airplane and wing structure were designed for a 7.5g 
flight envelope with the wing at any position. Fatigue testing 
of the wing sweep elements was intensive. The wing sweep 
joint was designed for carrier operations with special emphasis 
on dynamic magnification which can occur during catapult 
takeoffs and arrested landings aboard carriers both with and 
without external stores on the wings. The wing joint structure 
consisted of four aluminum forgings which were the largest 
high strength forgings that had ever been made in the aircraft 
industry at that time.” he said. 

• Fuel system. Meyer said other unique features in the XF10F 
included: a fuel system that controlled the airplane center of 
gravity during flight; a self-contained starting system; a sophisti- 
cated air-to-air weapon fire control system with a 24-in. radar 
antenna; and a wing fold system as well as the wing sweep svs- 

Tliis folding and lacking arrangement was later incor- 
porated in another production airplane, he said. 

Under subcommittee questioning. Clinton Towl, Grumman 
president, said his company is not in charge of the variable 
sweep wing design but had sent people to Ft. Worth to work 
with General Dynamics personnel in all areas of design. 
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COMBINED ENVIRONMENTS: 

Vibration Random Motion and Sine Wave 
Vacuum 1 x 10‘ 8 MM Hg 

Radiant Heat 460 BTU/ff/hr. 

Cold Wall -320F (LN.) 

Solar Radiation Simulation 


Electrical, electronic, hydraulic, 
pneumatic and cryogenic capabilities 
are provided in the chamber. 


Instant Outerspace 


Beech designed and developed space simulator a vital 
part of a comprehensive systems management capability 


This space simulator was designed, developed 
and built by the craftsmen of Beech’s Aerospace 
Division. The experiments conducted inside this 
unit are one indication of Beech’s space age 
capabilities. 

A recognized leader in components testing 
and cryogenic development. Beech is also a 
seasoned source for systems management. 


Making this possible is the unusual physical 
environment Beech has created at its modern 
aerospace center at Boulder, Colorado, and its 
extensive production facilities at Wichita, Kan- 
sas. Both of these facilities are staffed with 
expert, seasoned personnel who have long worked 
together on aerospace problems. 

In addition to the sophisticated simulator . . 


Other Beech Capabilities In Systems Management Include: 





Propulsion . . . 


Manufacturing . . . 


Auxiliary Power. . . 


Environmental Testing . . . 




Complex Vibration . . . 


Management . . . 


How may we help you? To discover how the 
proven capabilities of the Beech organization can be 
quickly and efficiently put to work on your project, 
write, wire or phone Contract Administrator, Aero- 


space Division, Beech Aircraft Corporation, Wichita 
1, Kansas. Beech stands ready and eager to accept 
complete systems management responsibility for your 
project right now. 


)eeck 

BEECH AIRCRAFT CORPORATION • WICHITA I. KANSAS 



HELPING BUSINESS GROW FASTER: Only Beechcraft offers such a com- 
plete line of planes with so much speed, range, comfort and quiet to help 
business multiply the money-making decisions that each top man can 
make. That's how thousands of Beechcrafts have paid for themselves. 




Clellan expressed fears that putting on 
the extra weight when the airframe was 
not designed for it originally, as in the 
case of Boeing’s F-l 1 1 , might reduce 
performance. 

Sen. McClellan. According to the Pratt 
& Whitney folks, it [a thrust reverser] 
adds about 500 lb. per engine, about 
500 lb. per reverser, and it would be 
about 1,000 lb., or 500 lb. on the tail 
end of each engine on the plane, with 
the two engines. Would that much 
weight make any difference with respect 
to the balancing of your plane? 

Davis. It would not create an insur- 
mountable balance problem at all. 
Actually, we would look toward the de- 
velopment of a thrust reverser which 
might be lighter than that. If thrust 
reversers were developed and installed 
in the airplane, some other weight in 
the airplane would be deleted which 
would partially offset the change in the 
center of gravity . . . 

‘‘Now, fortunately in the TFX, by 
virtue of the faot that it has a variable 
sweep wing, it is possible to accommo- 
date changes in balance very easily by 
setting the stops to which the wing 
sweeps in a little bit different position, 
and 1 or 2 deg. difference in sweep will 
handle any practical amount of weight 
which might be added by the after- 


burner, or by the thrust reverser. . . . 
Sen. McClellan. That weight on the 
end of the engines would tend there- 
fore to restrict the flow or motion and 
swing or sweep of the wings. 

Davis. Not to a degree which would be 
detrimental to any significant amount. 
Sen. McClellan. You don’t think that 
it would affect the . . . plane? 

Davis, it will affect the stalling speed, 
I believe, less than 1 kt. 

Sen. McClellan. It seemed to me in the 
course of testimony that we have heard, 
that the Air Force and maybe the Navy 
. . . they did attach some real considera- 
tion or value to the thrust reversers, 
believing, I assume, that they would ac- 
tually make a contribution to the opera- 
tion of the plane in certain aspects of 
the operation. 

Davis. I would not suggest that pro- 
vided a satisfactory thrust reverser is 
developed, that this would not be a 
good thing for an airplane. . . . 

Sen. McClellan. You said you don't 
think that adding 1,000 lb. of weight 
would change the operational effect of 
your plane, if you put them on there, 
as what another witness indicated. You 
said that you did not think it would 
change the operational characteristics. 
Davis. I said it would not change its 
ability to operate from a balance stand- 


point, the carrying of additional weights 
does entail some operational disadvan- 
tage, and that is fairly small. The big 
danger on thrust reverser primarily is 
associated with the possible effect on 
nozzle efficiency. ... I indicated in my 
testimony that if there were enough 
warpage or leakage in that mechanism 
to degrade that efficiency by as much as 
3%, it could degrade the amount of 
dash capability you had in the airplane 
by as much as 25%, so it is quite sensi- 
tive. Therefore, that is one of the rea- 
sons we suggest that you continue to 
have the dive brakes available in case 
that development hits some snags . . . 
Sen. McClellan. But you can’t have 
both on the plane, can you? 

Davis. As a matter of fact, you could. 
Sen. McClellan. It might be advisable 
to do that. Is that what you have in 
mind when you say that you are retain- 
ing the dive brakes? 

Davis. It is not quite that simple. You 
can have both or them on the airplane 
physically. Now, there may be some 
reason for having the thrust reverser 
work for reducing landing roll only, 
and not to be used as a dive brake in 
the air, and it could be built lighter 
if that were the only requirement. If 
that is the case, you would have a thrust 
reverser for ground stopping but would 



PROBLEM: 

Bring a 125 ton load moving at 
15 feet per second, to a sudden, 
shock-free stop . . . 

SOLUTION: 

4 inches of kbvh 
controlled cushioning 

EFDYN hydraulic shock absorbers control moving 
mass in applications throughout the world. To 
stabilize roll in atomic submarines at the critical 
moment of missile firing-to prevent vibration from 
influencing delicate weighing apparatus-to con- 
trol 4 million pound explosion forces in missile fuel 
cell test chambers - EFDYN controlled cushioning 
reduces maintenance costs and improves perform- 
ance while increasing operational life and safety. 
Whatever your shock problems, consult EFDYN, 
first in the industry with standard hydraulic shock 
absorbers and operating the industry's most exten- 
sive shock absorber testing facilities. Write for 
complete details and our free 16-scale slide rule 
for solving shock problems. 


controlled cushioning of moving mass 

ELLIS FLUID 
DYNAMICS 
CORPORATION 

734-4 Montlcello Ave., Skokie, III. 
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What's the delay here? 



39 principal cities) for a demonstra- 
tion. Fairchild Scientific Instruments, 
750 Bloomfield Avenue, Clifton, N. J. 


FAIRCHILD 

□ U MONT LABORATORIES 



Small Size... Low Impedance... Completely Isolated 


World’s smallest combined piezoelectric accelerometer and emitter follower 


Now— for the first time— get the true per- 
formance of a piezoelectric accelerometer 
with the output of an amplifier— from a 
single low impedance unit, CEC's 4-280. 
Mount it, use it like any accelerometer... 
but read or record the output directly with 
no intervening electronic equipment 
required. It's a convenient package— case 
isolated— actually improving performance, 
and able to stand environmental extremes. 

The 4-280 contains an integral miniature 
emitter follower achieving output imped- 
ance of less than 100 ohms. Transistorized, 
the 4-280 allows long cables from accel- 


erometer to direct readout equipment with 
no loss in performance. 

CEC's 4-280 contains a point-loaded 
seismic system housed in stainless steel, 
with an integral cable and mounting stud. 
Not cable sensitive, it's ideal for missile 
acceleration measurement in missile 
launching vibration testing. 

Feotures: frequency response, 6 to 6000 
cps, ±5%; flat temperature response, 
±5% from — 65°F to +200°F; linearity, 
± 1%: voltage sensislivity, 20 mv/gr accel- 
eration range, 250g; shock, lOOOg. 

Call or write CEC for Bulletin 4280-X2. 



TO mEET 


your 

critical 

requirements... 



and 4-271 
Piezoelectric 
Accelerometers 



and the 

Emitter Follower 


Measuring vibration and shock? 
CEC's Piezoelectric Accelerome- 

axis isolation characteristics. Type 
4-270 offers high sensitivity, for 
accelerations and shocks up to 
10,000g from 3-8000 cps at 3S0°F. 
Type 4-271 is medium range, high 
copacity for accelerations and 
shocks to 5000g from 2-7000 cps. 
Type 1-301 Emitter Follower pro- 
vides high input impedonce and 
flat frequency response ( + 5% 
from 2 cps to 10 kc with a 50,000 
ohm load) to insure a wide fre- 
quency range of measurements. 
Further data? Call or write CEC 
for bulletins in Kit #3455-X2. 

CEC 

CONSOLIDATED ELECTRODYNAMICS 


still have the dive brakes for air brak- 
ing. 

Now, if on the other hand, it works 
out in the program that you can use 
the thrust rcverscr for braking in the air 
satisfactorily, then it could be used for 
that, and you could dispense with the 
dive brakes. So you have several op- 
tions if you proceed with both develop- 

• Reaction time. Davis challenged the 
claim that the Boeing F-l 1 1 would be 
ready for take-off in half the time of 
the General Dynamics F-l 1 1 because of 
the faster warm-up of the electronic 
equipment. For one thing, he said, the 
estimate used did not allow time for the 
crew to get from its ready shack into the 
aircraft. 

• Navy loiter time far from the ship. 
Boeing’s F-l 1 1 could loiter 54 times as 
long as General Dynamics’, according to 
the USAF evaluation. Davis said this is 
misleading because all that needs to be 
done to equalize the aircraft is to add 
fuel to the large wing tank of the Gen- 
eral Dynamics aircraft. However, he 
conceded that the weight of the fuel 
would increase wind-over-deck require- 

• Intercept mission radius. Boeing 
F-l 1 1 , on basis of its own data, showed 


advantage of 177 naut. mi. "This ap- 
pears to be a case of unjustified optim- 
ism,” Davis said, adding that General 
Dynamics' supersonic superiority would 
extend to the intercept mission. 

• Inlet location. Davis said that al- 
though the Boeing inlet, by being on 
top of the fuselage, would minimize 
foreign object damage, the lower inlet 
in the General Dynamics design gives 
“positive assurance that erratic or dis- 
torted air flow to the engine" will not 
adversely affect flight. He said the lower 
inlet is more efficient, simplifies ground 
inspection of the duct and engine com- 
pressor face and facilitates engine re- 
moral. He said scale model tests have 
shown the General Dynamics inlet is 
adequately guarded against foreign ob- 
ject damage. 

• Wheel design. Previous testimony 
favored the Boeing design’s dual wheels, 
partly because they would be easier to 
change. Davis said handling slings will 
have to be used in any case. He added 
that General Dynamics' larger single 
wheel, with its lower pressure and larg- 
er rolling surface, gives it “an obvious 
advantage in rolling over rough terrain.” 
He said the Navy prefers the single 
wheel landing gear. 

• Optical sight. Boeing’s air-to-ground 



Dornier 32 Helicopter Makes First Flight 

Prototype Domier 32 one-man, turbine-powered helicopter is undergoing its first flight tests. 
Designed primarily as a military machine, the helicopter is powered by a 90-hp. engine 
developed by BMW Triebwcrkbau of Munich. Engine is designated the BMW 6012. 
Directional control for the two-bladed helicopter is maintained by the exhaust blast over 
the vertical tail which is positioned by the nidder pedals. Maximum speed is about 75 
mph. and ceiling is approximately 20,000 ft. 
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BOOTS CAPPED LOCKNUTS 

Increase Reliability of Assemblies 



Above — Boots capped locknuts increase assembly reliability under 
conditions of vibration by preventing the abrasive removal of in- 
sulation from wires near protruding bolt threads. 


Below — Boots capped locknuts provide protection for delicate ex- 
posed circuits by effectively trapping metallic flakes or other fallout 
resulting from assembly of screw and nut. 



Other advantages— Boots capped locknuts prevent damage from 
over-length screws, provide liquid seal in tanks, give neat appear- 
ance, make possible ease of inspection when provided with probe 
hole and protect threads from galling in high temperature and cor- 
rosive atmospheres. A-286 stainless types have low magnetic perme- 
ability. Write for literature which describes types and wide ranges 
of regular and miniature sizes. 


Jb Jb ft 


Boots Aircraft Nut Division 


Norwalk, Conn. 


Townsend Company 

ESTABLISHED 1816 - BEAVER FALLS, PA. . A fBXtTojjl company 
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fire control system calls for giving the 
pilot a sighting device that provides 
such infonnation as the slant range, so 
he does not have to glance away from 
the target and onto the instrument 

Davis said his firm chose an off-the- 
shelf sight to minimize new develop- 
ments in the subsystems of the aircraft, 
but could make the change if dc- 

• Airplane weight. USAF evaluated the 
General Dynamics Navy P-111 as 2.208 
lb. heavier than Boeing's. Davis said 
weight difference would not be signifi- 
cant if Boeing installed the same fuel 
capacity. 

• Growth capability. USAF-Navy 
evaluators felt Boeing held the edge 
here, but Davis contended that “growth 
in the basic Tactical Air Command mis- 
sion will come easier to the General 
Dynamics airplane because of its better 
supersonic design.” He said General 
Dynamics’ F-1 1 1 ferry range and load- 
carrying capacity for the USAF version 
"is ensured by the option of using the 
Navy wing tips and the Navy landing 
gear.” 

Davis said the General Dynamics- 
Grumman design would be cheaper 
than Boeing's because of less expensive 
materials, a smaller total number of 
parts, fewer uncommon parts, simpler 
engine installation, conventional speed 
brakes, less structural testing, fewer 
drawings, fewer instructions, fewer 
similar parts which look alike but are 
not. superior supersonic aircraft and 
carrier-based aircraft experience, specific 
variable sweep wing experience, and a 
better rating in the fourth USAF-Navy 
evaluation in the areas of production, 
management and cost. 

• Titanium. Air Force Secretary Eu- 
gene M. Zuckcrt in his Nov. 21 memo- 
randum explaining why General Dv- 
namics-Gnimman should be awarded 
the F-1 1 1 contract objected to the use 
of titanium in the Boeing design (AW 
May 1 3. p. 27). 

This was Davis’ rationale for not using 
titanium in the General Dynamics 
F-1 11 design: 

"General Dynamics has used titanium 
in many applications over the years: it 
was consider ed s eriously for several 
places on the TFX. Titanium is, how- 
ever, at least several times as expensive 
as steel and aluminum. Its properties 
are not as well known in the thicker 
gages which would be required to utilize 
it extensively in the heavier parts of the 
structure such as the wing carry-through 
and wing box. 

"Specifically, the data available on 
fatigue properties shows more scatter 
than for steel, i.e., there is more differ- 
ence in quality between the worst piece 
and the best piece. To design conserva- 
tively for long life, it is necessary to add 
enough material to account for the 
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poorest quality piece you might expect. 
This would cancel part of the weight 
saving otherwise possible. 

"Also, it was found that the size of 
titanium plate available was smaller 
than aluminum so that an additional 
snlice would be required in the wing 
structure. This ate up a little more of 
the potential weight advantage. The 
increased cost for the titanium annlica- 
tions wc studied was about $1 1 5.000 
per airplane. With these factors in 
mind, it seems to General Dynamics 
that steel and aluminum offers the bet- 
ter alternative for most applications on 
the TFX.” 

• Experience. Davis said General Dy- 
namics has the most experience in the 
industry with supersonic aircraft, while 
Grumman aircraft have made more than 
one-half the carrier landings and take- 
offs in the history of the Navy. He 
said with Grumman’s experience with 
the XF10F-1 variable sweep wing jet 
fighter (see p. 105), "the General Dy- 
namics-Grumman team had under its 
belt 4,330 hr. of wind tunnel testing 
and full scale design and construction 
experience on the XF10F-1 and 4.758 
hr. of wind tunnel testing on the TFX 
when the proposal was submitted.” 

• Commonality. Both civilian and mili- 
tarv witnesses in previous testimony 
contradicted claims by Defense Secre- 
tarv Robert S. McNamara that the Boe- 
ing proposal was, in effect, two aircraft, 
while the General Dynamics-Grumman 
design called for more identical parts 
and thus promised to save SI billion 
through commonality. 

Davis supported McNamara’s finding 
this wav: 

"General Dynamics commonality ap- 
proach achieved one aircraft with the 
minimum divergency requested. The 
fuselage, wing, and tail of both versions 
of the General Dynamics TFX are 
structurally the same. The Navy wing 
tips are simply bolted on. The fourth 
evaluation report found that General 
Dynamics proposed an airframe design 
that has a very high degree of identical 
structure for the Navy and the Air 

"On the other hand, the report esti- 
mated that in the two Boeing versions 
less than half of the structural compo- 
nents of the fuselage, wing, and tail 
were the same. The Evaluation Group 
concluded that Boeing, in effect, pro- 
posed two different airplanes struc- 

"General Dynamics’ greater common- 
ality was not the result of a sacrifice of 
performance in pursuit of a common- 
ality goal as such. Rather, it came as a 
bonus from a better idea on how to 
satisfy and reconcile the differing per- 
formance and structural strength re- 
quirements of the two services. Dr. 
[Harold] Brown [director of defense 
research and engineering] quoted a 



SOLVES YOUR MOST 
DIFFICULT INSTALLATION 
PROBLEMS 

Flush Fracturing • Locked Spindle 

Reduce initial costs, eliminate ex- 
pensive stem trimming and mini- 
mize drill-outs with the Bulbed 
Cherrylock Rivet. 

Savings as high as $40,000 have 
been reported due to shop “Sug- 
gestion Awards” for use of the 
Bulbed Cherrylock on wing skins 
and other missile applications. 

This saving was accomplished 
by eliminating costly stem trim- 
ming and reducing head shaving 
to a minimum. Perfect head seat- 
ing also avoids most drill-outs. 

Note the large bearing area on 
the blind head — important in 
thin sheet and double dimple ap- 
plications. 

Try the Bulbed Cherrylock on 
your most difficult applications 
— we can probably solve your 
problem. 

For Technical information on 
the Bulbed Cherrylock Rivet, 
write to Townsend Company, 
Cherry Rivet Division, Box 
2157N, Santa Ana, California. 


THE 

BULBED 

CHERRYLOCK 

RIVET 


Cherry Rivet Division q 

Santa Ana, Calif. **<*■«. »»*' 
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CAPACITOR DEGRADATION RESULTING FROM ELECTROLYTE 


seal.. 



new capacitor life 


Now, to the inherent advantages of foil 
tantalum capacitors, General Electric adds 
a true hermetic seal. It employs a special 


In developing the hermetic seal, Gen- 
eral Electric has had the support of North 
American Aviation’s Autonetics Division 
as a part of the program to develop High 
Reliability capacitors for the Air Force 
Minuteman. More recently, U.S. Army 
Electronics R&D Laboratory awarded G.E. 
a contract to support development of a 
hermetic seal for standard foil capacitors. 


rmetically s. 
i 125 C, 1! 


i extremely well suited f< 
satellites and other el 
i where high reliability is 

a seal of organic materia 
not out-gas w 




1 Elec 


i 150 


mgi- 




l. Glass is more stable to the 
al action of electrolyte, too. Both 
s reduce the possibility of contam- 
vapors entering surrounding equip- 
and improve capacitor reliability. 


stock for prototype work. He’ll be happy 
to assist you with application, too. For 
more information, write for Bulletin GEA- 
7614, to Section 430-16, General Electric 
Co., Schenectady, N. Y. Electronic Special- 
ty Capacitor Product Section, Irmo, S. C. 


Progress Is Our Most Important 'Product 

GENERAL i® ELECTRIC 


Navy evaluation briefing as describing 
our bolt-on wing tips as 'an elegant and 
preferred solution.' The bolt-on tips, 
the interchangeable landing gear, the 
common wing fuel tank and the 
strength for the same top speed for the 
Navy and Air Force have been shown 
to provide performance bonuses when 
advantage is taken of them 

"Several of the witnesses have at- 
tempted to disregard commonality as 
a cost saving feature with a simple 
reference to Boeing's lower quote. Also 
some confusing testimony has been 
given about similar parts being as cheap 
as identical parts because the same as- 
sembly fixtures may accommodate parts 
having certain types of differences. But 
assembly tooling is only part of the 
story. Each part must be fabricated as 
a separate unit, On the average about 
2.5 fabrication tools are required per 
part. 

Tooling Cost 

"The use of techniques such as nu- 
merically controlled machines in the 
manufacture of parts for modern air- 
planes has been cited and is recognized 
as offering substantial economies by re- 
ducing fabrication tooling cost. For the 
last five years. General Dynamics has 
used tape controlled machines in the 
fabrication of production parts. Many 
of our suppliers arc using these ma- 


chines and arc realizing substantial 

“SSL actual forming, milling, guid- 
ing, drilling, and finishing of a part is 
not the major part of tne total task 
required to incorporate it as an item in 
the delivered product. The major cost 
is generated by the need for designing, 
drawing, releasing, getting material, 
testing, transporting, listing, stocking, 
analyzing, segregating, inspecting, iden- 
tifying, and installing each part as a 
separate item by part number. 
Non-Identical Parts 

"No matter how small the difference 
is between two non-identical parts, each 
of the actions I have mentioned must 
be accomplished distinctly for each part 
number. Of the total parts in the air- 
plane less than 5% will be made on 
a numerically controlled mill. 

"It is well known in industry that the 
design, development, test, production 
and support costs for a number of iden- 
tical weapon systems are less than such 
costs would be for a mixture of two 
different weapon systems. The higher 
the degree of identity the more the 

"Tlie logistic support people arc 
aware of the savings obtained by re- 
ducing the number of different stock 
numbers required to be carried in the 
system, and the dangers present in hav- 


ing similar parts which look alike but 
have different strengths or other char- 
acteristics which might inadvertently 
get installed on an airplane with catas- 
trophic results. This is a serious prob- 
lem in peactime with elaborate con- 
trols. In wartime it can become a 
monumental problem." 


PRODUCTION BRIEFING 


Thiokol Chemical Corp. has been 
awarded a SI. 4-million contract from 
the National Aeronautics and Space 
Administration for investigation of 
flight in planetarj' atmospheres. Con- 
tract calls for design, fabrication, testing 
and delivery of a hypervclocity wind 
tunnel capable of developing a 50,000 
fps. airstream. Device will be built at 
Thiokol's Pocatello, Ida., facility for in- 
stallation at NASA's Ames Research 
Center, Moffett Field, Calif. 

Chrysler Corp. has an additional 
$1.2-million contract from National 
Aeronautics and Space Administration’s 
Marshall Space Flight Center for modi- 
fication of Saturn production facilities 
at the Michoud Operations Plant at 
New Orleans, La. The award brings 
total Chrysler modifications contracts to 
more than $5 million. 



Throughout the 


Raytheon Co. of Lexington. Mass., 
has received a SI. 5-million contract for 
continued production of support com- 
ponents for Army’s NATO-llawk pro- 
gram. Work will be performed at the 
Andover, Mass, plant. 

General Dvnamics/Pomona Div., has 
a $5.4-million Army contract for con- 
tinued development of the Redeye sur- 
face-to-air guided missile. 

Hughes Aircraft Co., Culver City. 
Calif., has a S2.8-million contract from 
anti-tank and aircraft weapon commod- 
ity manager at Army Missile Command 
for R&D work on a new missile system 
for infantrymen. New system known 
as TOW (tube launched optically 
tracked wire guided missile) will be used 
against heavily armored tanks and simi- 
lar targets. As envisioned, TOW will 
be carried by a light vehicle or trans- 
ported by infantrymen. 

American Machine & Foundry Co., 
Advanced Products Group, has been 
awarded a $400,000 development con- 
tract from Urbahn-Robcrts-Scelyc- 
Moran, architects and engineers, for 
work platforms, door machinery, and 
vehicle handling systems for the Saturn 
Vertical Assembly Building at Cape 
Canaveral. 


Intercontinental Mfg. Co., of Gar- 
land, Tex., has a 52.2-million Army con- 
tract for production of Pershing missile 
motor cases. 

FMC Corp., Ordnance Div., San 
Jose, Calif, has received a $7.5-million 
contract for development and manufac- 
ture of Minutcman ICBM suspension 
and alignment systems. Components 
will support the missile in its under- 
ground silo and aid in proper align- 
ment as well as absorb shock from 
above ground explosions. 

Hughes Aircraft Co., Culver City, 
Calif, has been awarded $3.9- and 
S7.5-million supplemental contracts for 
production of Falcon missiles and re- 
lated equipment. Contract was awarded 
by Aeronautical Systems Div.. Wright- 
Pattcrson AFB. Work will be done in 
Tucson, Ariz. 

Sperry Rand Corp. has been awarded 
a $1. 2-million U. S. Army contract for 
engineering services on the Sergeant 

Fclipse-Pioncer Div. of Bendix Corp. 
has a $990,000 contract for air-data 
computer systems for the F-l 1 1 (TFX) 
fighter. Computer will convert informa- 
tion on eight physical properties of air 
including pressure, altitude, tempera- 


ture. and Mach number and channel it 
to 36 systems and related equipment. 
Computer will have a growth potential 
of 10 additional outputs if needed. 
Award was from General Dvnamics/Ft. 
Worth. 

Moog Scrvocontrols, Inc., has re- 
ceived a S372.000 contract from Na- 
tional Aeronautics and Space Adminis- 
tration for scrvoactuators to steer the 
booster stage of the Saturn 5 Apollo 

I .ockhced-California Co., Burbank, 
will furnish NASA's Flight Research 
Center. Edwards AFB, with three F-l 04 
aircraft to be modified as testbeds for 
future projects, under a $2. 3-million 
contract. 

Sikorsky Aircraft Div. of United Air- 
craft. Stratford, Conn., has a $5-mi!lion 
Navy Bureau of Weapons supplemental 
contract for electronics and electrical 
equipment for West German H-34 Sea- 
horse helicopters. 

AiResearch Mfg. Div. of Garrett Corp. 
has received a SI -million contract for 
primary components designed to inflate 
a Gemini paraglider. Award was made 
by McDonnell Aircraft Co., prime Ge- 
mini contractor to NASA's Manned 
Spacecraft Center, Houston, Tex. 


free world . . . 

key military aircraft start with Sundstrand 


With our great military might poised in readiness 
throughout the free world, great emphasis is 
placed on the ability of our aircraft to be airborne 
in a striking or deterrent position in the shortest 
possible time. To meet this vital requirement, a 
refined concept in jet engine starting has evolved — 
self-contained, cartridge starting provided by the 
Sundstrand Cartridge-Pneumatic Starter. 

This unit is now in use at operational commands 
spanning the world. SAC B-52s, TAC F-lOOs, and 
MATS C-135Bs utilizing the starter stand in 
readiness on remote airstrips and major Air Force 
bases . . . ready to meet the challenge of the 
enemy by scrambling in a few short minutes. 

The soon-to-enter-service F4C will also use 
the Sundstrand Cartridge-Pneumatic Starter to 
upgrade close support and attack missions of 


the Global Commands . . . TAC, PACAF, and 
USAFE. 

The Sundstrand Cartridge-Pneumatic Starter 
has a dual-mode start capability; cartridge — for 
fast, reliable alert starts or remote base operation, 
and pneumatic — for use when time and remote 
location are not key factors for aircraft mobility. 

Complete operating -safety consistent with the 
highest degree of reliability is possible with this 
lightweight, compact unit. Key features in starter 
design are positive control of starter output 
torque; inherent turbine overspeed control; self- 
resetting overpressure control; and the modular 
design that provides configuration flexibility to 
adapt the basic starter to your aircraft installation 
requirements, with minor alterations to the static 
elements, only. 


SUNDSTRAND '63— PROVIDING DEPENDABLE AIRCRAFT STARTING THROUGHOUT THE FREE WORLD 

SUNDSTRAND AVI AT ION 


ISTRAND CORPORATION, ROCKFORD. ILLINOIS 



i Lockheed for Leadership 




THEORETICAL CALCULATIONS TAKE YOU ONLY SO FAR. 

Comes a time when paperwork gets the air in high-velocity 
wind tunnel tests. In these tests, air at Mach 3-plus speeds 
slam against the scale models of various wing-body configura- 
tions. Result; a formula is converted into form; mathematics 
into contoured metal. 

At Lockheed-California Company, a team of engineers and 
scientists currently is engaged in an intensive study of flight 
and operational characteristics involving America’s first Super- 
sonic Commercial Air Transport (SCAT). These studies include 
evaluation of flight and wind tunnel data to determine perform- 
ance criteria and mission capabilities of tomorrow's airliner. 

Planned to operate on the fringes of space, SCAT presents 
many unique problems. The solutions are doubly important, 
since they involve factors of practical application to airline 
operation. Advanced conceptual studies are also being carried 
on with V/STOL aircraft, hypersonic fighter aircraft and rigid- 
rotor helicopters. 

Projects such as these at Lockheed-California add up to an 
exciting future— make it yours! 


PAPERWORK 
GETS THE AIR 

QUALIFIED SCIENTISTS AND ENGINEERS are invited tO 

investigate immediate openings in: Aerodynamics; Thermo- 
dynamics; Dynamics; Astrodynamics; Structural Dynamics; 
Propulsion; Operations Research (Weapons systems evaluation 
or cost effectiveness); Human Factors; Reliability; Spacecraft 
Propulsion (Missiles and Space Vehicles); Controls and 
Guidance. 

Write: Mr.E.W.Des Lauriers, Manager, Professional Place- 
ment Staff, Dept. 1105, 2401 N. Hollywood Way, Burbank, 
California. An equal opportunity employer. 

LOCKHEED 

CALIFORNIA COMPANY 

Spacecraft • Advanced Aircraft • ASW 


Senate Group Says Cuban Data Unreliable 


By Katherine Johnsen 

Washington— U. S. is without reliable 
information on the number of Russian 
military troops in Cuba or on the con- 
troversial issue of whether Russian stra- 
tegic missiles are emplaced on the is- 
land, according to a report by the Senate 
Preparedness Investigating Subcommit- 

The 34-page interim report by the 
subcommittee, headed by Sen. John 
Stennis (D.-Miss.), culminated six 
months of hearings and study. 

The subcommittee’s investigation is 
continuing. 

Formidable Defense 

The report stated that without doubt, 
Cuba's present formidable defensive sys- 
tem, which has withered any spirit for 
internal rebellion and elevated any 
U. S. invasion to a major military opera- 
tion, is completely under Russian con- 
trol. 

Presenting the subcommittee report 
to the Senate, Stennis said; "They are 
admittedly capable of suppressing any 
internal rebellion or revolt mounted 
without external support. It is clear 
that an invasion from without, to have 
a fair chance of success, would require 
large forces, extensive seaborne landing 
efforts, and adequate air cover . . . 
These Soviet soldiers there, particularly 
the hard, armored units, could control 
Castro, too.” 

Current U. S. intelligence on Cuba is 
based mainly on high-level photographic 
flights by Lockheed U-2s. 

These photographic flights arc con- 
tinuing "on a regular basis,” according 
to the subcommittee. 

The Russians have tolerated these 
flights, with the one notable exception 
of the U-2 shot down by a Russian 
SA-2 air defense missile on Oct. 27- 
five days after President Kennedy's crisis 
speech to the nation announcing a 
blockade of the island. 

The pilot. USAF Maj. Rudolph An- 
deison, was killed. 

No Interference 

"Since the U-2 was shot down on 
Oct. 27 there has been no further 
attempt to interfere with our aerial re- 
connaissance,” the report said. "The 
reason for this one incident amidst a 
pattern of acquiescence in the over- 
flights remains a matter for specula- 
tion.” 

In addition to U-2 overflights, mer- 
chant ships arriving and departing Cuba 
are being kept under close surveillance 
both by aircraft and nasal surface ships, 
and also by peripheral reconnaissance 
and photographic aircraft. 


On the matter of strategic weapons 
in Cuba, the Senate subcommittee ob- 
served: 

"To a man, the intelligence chiefs 
stated that it is their opinion that all 
strategic missiles and bombers have 
been removed from Cuba. However, 
they readily admit that, in terms of ab- 
solutes, it is quite possible that offensive 
weapons remain on the island concealed 
in caves or otherwise. . . . 

“There are literally thousands of 
eaves and underground caverns in the 
island of Cuba and many of these are 
suitable for the storage and concealment 
of strategic missiles and other offensive 
weapons . , . Military-connected activi- 
ties have been noted that reference to 
a number of them, but it is the view of 
the intelligence analysts that the mili- 
tary usage of the caves is for the storage 


of those weapons which we know are 
now in Cuba and not for the storage 
of offensive weapon systems. Admit- 
tedly, however, this view is based to a 
substantial degree on the negative prop- 
osition that there is no hard evidence 
confirming the presence of strategic 
missiles in Cuba at this time,” the sub- 
committee said. 

'Criticality' Cited 
"Even though the intelligence com- 
munity believes that all have been with- 
drawn, it is of the greatest urgency to 
determine whether or not strategic 
missiles are now concealed in Cuba. 
The criticality of this is illustrated by 
the fact that, assuming maximum readi- 
ness at pre-selected sites, with all equip- 
ment pre-locatcd, the Soviet mobile 
medium-range, 1,100-mi., missiles could 



Crusader Photographed During Night Recon Flight 

Chance Vought RF-8A (F8U-1P) photo aircraft is photographed at six different positions 
in a time exposure which was made while the aircraft made a photo pass over a simulated 
enemy base. Flares are designed to provide light for a forward-facing camera mounted on 
the Crusader. Aircraft is Hying at less than 800 ft. while making the photographic run. 
Technique was developed by Navy Photo Squadron 62, based at Cecil Field, Fla., Naval 
Air Station. 
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Brown & Root's astonishing versatility 
is apparent in even a very brief listing 
of sophisticated engineering and con- 
struction projects it has undertaken 
with distinction: Power plants to light 
cities and turn the wheels of industry; 
large diameter pipeline systems span- 
ning a continent; an early warning 
radar network guarding a nation; 
petrochemical plants developing a 
new way of life; vast offshore drilling 
equipment for exploring the earth's 
mantle; these are representative of 


many intricate and highly diverse en- 
gineering and construction projects 
successfully undertaken by Brown & 
Root with an enviable degree of on- 
schedule performance. 

Versatility is more than just the ca- 
pacity to cope with a wide variety of 
civil, industrial, and marine problems; 
it is also the ability to deal harmo- 
niously and efficiently with all aspects 
of a single undertaking to the end that 
it may be accomplished in the most 
economic and rapid manner possible. 


BROWN&ROOf 

ENGINEERS • CONSTRUCTORS 

NEW YORK • LONDON • MONTREAL • WASHINGTON • EDMONTON • SAO PAULO 
POST OFFICE BOX 3, HOUSTON 1, TEXAS • CABLE ADDRESS: BROWNBILT 


120 


be made operational in a matter of 

The official estimate in the intelli- 
gence community— Central Intelligence 
Agency and the intelligence branches 
of the military services— is that there 
arc now 17,500 Russian troops in Cuba. 
This figure, as is the estimate on 
strategic forces in Cuba, is arbitrary and 
without any basis in hard-core fact, the 
subcommittee noted. 

The unreliability of U.S. estimates 
on Russian military manpower in Cuba, 
a difficult figure to establish through 
aerial reconnaissance, was demonstrated 
bv the subcommittee as follows: 

On Oct. 22. when President Kennedy 
delivered his crisis speech, the official 
estimate of the intelligence community 
was that there were 8,000 to 10.000 
Soviets on the island. The official esti- 
mate now is that at that point in Octo- 
ber, at the height of the build-up, there 
were “at least 22,000 Soviet personnel” 
on the island. 

This erroneous underestimate, the 
subcommittee implied, was the reason 
that the President did not include a 
demand for the removal of Russian 
troops, along with his demand for a 
removal of Russian strategic weapons, in 
his address to the nation. 

It was not until Oct. 25— three days 
after the President's speech, that the 
intelligence community identified the 
presence of organized Russian ground 
combat forces in Cuba. On this date, 
pictures obtained by low-level photog- 
raphy resulted in the conclusion that 
"there were, in fact, four organized, 
mobile, and powerful armored Soviet 
units in Cuba.” 

As late as Oct. 29, the subcommittee 
noted. Defense Dept, published a bro- 
chure stating that there were about 
5,000 Soviet "personnel" in Cuba. 

The estimate of exile sources, the 
subcommittee noted, is that there are 
now over 40,000 Russian troops on the 
island. 

The intelligence information that 
culminated in the President’s Oct. 22 
address was presented by the subcom- 
mittee. 

These were the main points: 

• Before mid-1962. U-2 flights over 
Cuba by CIA were increased in fre- 
quency. starting early in 1962. Recon- 
naissance and photographic flights were 
also being flown on a regular basis over 
international waters by the military 
services— but not over Cuba itself. 

By 1962, it was estimated by U.S. 
intelligence that there were about 500 
Soviet bloc advisory personnel in Cuba 
and that the Cuban air force had been 
reinforced by about 40 MiG-1 5s, -17s 
and -19s and strengthened by the train- 
ing of Cubans in Soviet bloc countries. 

Although more concerned, the U. S. 
intelligence community, until mid-July, 
1962, still evaluated the Cuban situa- 




What! An AC 400 cps motor with 100 oz.-in. al 490 rpm? Yes. This low slip 
dual speed induction motor provides torque of 100 oz.-in. al either 490 or 
1010 rpm. And. its pancake design illustrates Wright engineering and manu- 
facturing capability. Rotor features rugged squirrel-cage 
construction with 88 poles within the 10" OD-7" ID 
stator. Maintenance free. No gear. No brush. No radio 
interference. Wright Division of Sperry Rand Corp., 

Durham, North Carolina. Ask for Wright Motor Data 621. 
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WHAT 

HAPPENED 

AT 

ARDEL 

CORPORATION 


after they Insta 


led Ultek ion 


pumping equipment 


When you want to know how a piece of 
wire, magnetic tape, electronic component 
or elastomer is going to behave in outer 
space, you go to Ardel Corporation in Los 
Angeles, who make hyperspace environ- 
mental testing of components and mate- 
rials their business. When they installed a 
number of Ultek’s 100-liter-per-second ion 
pumps to test materials for large aerospace 
manufacturers, this is what happened: 

1. They were able to produce clean, con- 
taminant-free vacuums without a trace 
of oil present to invalidate test results. 

2. Operating costs proved to be low, reli- 
ability high with complete freedom from 
concern due to power failure. 

3. They found the Ultek pumps were easy 
to operate, and ideal for unattended 
long-term testing. 



oeooo 

P.O. Box 10920, Palo Alto, California 
Offices in: New York, Boston, Philadelphia, Cleve- 
land, Chicago, Los Angeles, Seattle, Palo Alto; 
and representatives in major cities overseas. 
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tion as primarily a defensive build-up. 
• Julv-Oct. 22, 1962. Starting in late 
July, there was a marked increase in 
Soviet ship arrivals in Cuba. The in- 
telligence community also ascertained 
that the Soviet ships were unloaded at 
night under rigid security with all non- 
Soviet personnel excluded from the 
dock areas. 

On Aug. 29, U-2 overflights detected 
two SA-2 (SAM) sites at suspect loca- 
tions, plus sites at six other locations. 
During the following week two more 
SAM sites were discovered (AW Oct. 1 , 

p. 20). 

The SAM air defense missile, com- 
parable to the Nike-Hercules has an 
altitude of up to 80,000 ft. and a slant 
range of about 25 mi. 

The presence of the MiG-21 super- 
sonic jet fighter in Cuba was confirmed 
by a picture obtained Sept. 5. Con- 
firmation of pictures showing crates 
containing 11-28 Beagle bombers on 
ships that were bound for Cuba was 
made Oct. 9. 

Finally, on Oct. 1 4, a U-2 overflight 
by Strategic Air Command obtained 
hard photographic evidence of a me- 
dium-range Ballistic missile complex at 
Snn Cristobal. 

Between Oct. 14 and Oct. 22 SAC 
flew 17 high-altitude sorties. Low-alti- 
tude overflights were not initiated until 
Oct. 23, the day following the Presi- 
dent’s message. 

Six medium-range ballistic missile 
sites, all with full operational capability, 
had been located by Oct. 28, when dis- 
mantling commenced. Three intermedi- 
ate-range, 2,200-mi., ballistic missile 
sites, which would have become opera- 
tional by about Dec. 1 5, had also been 
located. 

At the time the USSR announced 
withdrawal of 42 missiles from Cuba, 
U. S. intelligence had estimated less 
than that number on the island. "It 
could not be established, therefore, how 
many ballistic missiles were, in fact, in- 
troduced into Cuba or specifically how 
many the Soviets planned to introduce," 
the subcommittee stated. 

The subcommittee discounted reports 
of a jurisdictional dispute between CIA 
and SAC on U-2 overflights which re- 
sulted in an alleged "photographic gap" 
from Sept. 5 to Oct. 14. 

Between Sept. 5 and Oct. 7, CIA 
made five U-2 overflights. Additional 
flights scheduled for this period were 
canceled because of weather. The Oct. 
14 flight was transferred to SAC be- 
cause of the possibility of attack by 
SAMs. “This decision was entirely rea- 
sonable and proper," the subcommittee 

Allegations that there was a deadlock 
between CIA and SAC regarding over- 
flights and that this resulted in delay in 
locating medium-range ballistic missile 
sites in Cuba “have been found to be 



"SPACE IS OUR PRODUCT 

SERVING the needs of the Aerospace Industry 

Joseph L. Smith* 

Associates 


WE ARE SPECIALISTS IN SPACE OF ALL KINDS . . . 


We will DESIGN IT, ENGINEER IT, FINANCE IT, BUILD IT, MANAGE IT, 
LEASE IT . . . BUY IT or SELL IT. 

SPACE ... in OFFICE BUILDINGS, INDUSTRIAL COMPLEXES. RESEARCH 
FACILITIES. APARTMENTS, MOTELS, SHOPPING CENTERS, or UNDEVELOPED 
LAND. 

We are NASA Area's leading Real Estate Agency and either own or have 
exclusive control of numerous tracts near the MANNED SPACECRAFT CENTER 
on CLEAR LAKE for both USERS and INVESTORS. 

WE HAVE JUST BUILT and LEASED to NASA their largest single location 


JOSEPH L. SMITH and Associates will represent you on a confidential and 
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Two of these airliners don’t have Collins DME 





The other eight do. 

In the last ten years, Collins has sup- 
plied 8 out of 10 TSO'd DME’s used 
in the nation's airliners. Now this ex- 
perience in design and production has 
gone into completely new Solid State 
Distance Measuring Equipment with 
generations-ahead features and operat- 
ing economy. 

We’ve made maximum use of mod- 
ern, reliable Solid State devices in the 
new model 860E-2 DME. Tubes, relays 
and mechanical complexities have been 
reduced to an efficient minimum with 
increased performance, capability and 
reliability. 

These features mean much fewer 
costly, unscheduled removals that break 
into your “On Time" percentages. And 
to save time and money on routine 
inspection and maintenance, the Col- 


lins 860E-2 features plug-in circuit 
boards and modules. Each section can 
be taken out of the main rack and 
tested individually. All components are 
so easily accessible the complete unit 
can be disassembled almosc as fast as 
your favorite shotgun. 

There's more. When new DME func- 
tions become required by FAA, you'll 
find the 860E-2 already equipped to 
handle them . . . without adapting or 
modifying the equipment. This free- 
dom from obsolescence means addi- 
tional saving over the years to come. 

These are a few of the reasons why 
even more of the future TSO'd DME's 
will carry the quality name of Collins. 
There are lots more. We'd like to give 
you full information on how and why 
we included such features as channel 
splitting; versatile memory and warn- 


ing flag operation; a unique fast re- 
acquisition function and the smooth- 
est tracking you will ever see. Write 
or call us today. 

COLLINS RADIO COMPANY 
Cedar Rapids • Dallas • Los Angeles 
New York • International, Dallas 



without merit,” the subcommittee com- 
mented. "There is no evidence what- 
soever to suggest that any conflict be- 
tween CIA and SAC existed or that 
there was any delay in photograph cover- 
age of the island because of the fact 
that the U-2 program was being oper- 
ated by CIA prior to Oct. 14. . . . 
Subcommittee Concern 

"It is a fact, of course, that the first 
U-2 flight flown by SAC was the one 
which resulted in obtaining a photo- 
graph of the medium-range ballistic mis- 
sile site. This, without explanation, 
originally gave the subcommittee some 
concern. 

“However.” the report continued, 
“after inquiring closely into the situa- 
tion we are convinced that there is no 
significance to it and that it was just a 
matter of timing and coincidence.” 

The subcommittee made these ob- 
servations on Cuba's present military 

• Native Cuban forces arc organized 
“only at reinforced battalion level” and 
are equipped with modem rifles, ma- 
chine guns, light and heavy mortars, 
and field artillery. These forces also 
have available tanks, self-propelled artil- 
lery, annored personnel carriers, and 
light anti-aircraft guns suitable for use 
against low-flying aircraft. The subcom- 
mittee said that it is not known whether 
these crew-operated types of weapons 
are in Cuban hands. 

• The Soviet organization controls 24 
surface-to-air missile (SAM) sites of six 
launchers each “in a tight-knit perime- 
ter air defense of the entire island,” the 
report said. 

The subcommittee estimated that it 
would take over a year of intensive train- 
ing and technical schooling for native 


Cuban troops to replace Soviets in the 
SAM system. 

• Soviet naval crews man four cruise 
missile sites for coastal defense, with 
missiles of 30 to 40 mi. ranges. The 
subcommittee noted that there arc at 
least 150 of these missiles in Cuba, far 
more than could logically be associated 
with the known sites. “It may be specu- 
lated that the launchers for these mis- 
siles may have been in some of the bloc 
shipping turned back by the October 
quarantine and failed to reach Cuba,” 
it commented. 

• Soviet naval contingent also operates 
1 2 KOMAR-tvpe high-speed patrol craft 
for coastal defenses. Each patrol craft 
is equipped with two 10- to 15-mi.- 
range missiles. 

• Soviet army clement in Cuba is armed 
"with almost all of the weapons found 
in large Soviet troop fonnations.” These 
weapons include very large and substan- 
tial numbers of heavy tanks and medium 
tanks, self-propelled assault guns, anti- 
aircraft guns, truck-mounted multiple 
launchers for rockets, radio and engineer 
equipment. 

Soviet Equipment 
Two notable types of equipment with 
Soviet ground forces in Cuba, the sub- 
committee pointed out. are Snapper, a 
wire-guided anti-tank missile, and 
Frog, a 25-mi.-range rocket, which 
can be equipped with a nuclear war- 

• Soviet air units have an estimated 42 
MiG-21 supersonic jet fighters. “They 
are probably equipped with air-to-air 
missiles,” the subcommittee said. "As- 
sociated with them is a net of radars and 
radios necessary for their control and 
the integration of the entire air defense 
system, SAMs and fighters.” 



In space... 


You’ll find satellites with Hamilton 
Standard static power equipment 
aboard. 

OSO and OGO satellites count on 
Hamilton Standard static inverters 
to meet critical power supply needs. 
A typical 3/1 phase unit for space 
applications can receive inputs 
ranging from 14 to 29 volts. It has a 
special phase lock circuit, high over- 
load and short circuit protection, and 
operates efficiently under unbalanced 
load conditions. 

If you would like to put our 
experience to work, contact our 
Electronics Department. 

Hamilton __United 
Standard Aircraft 
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MB now offers vibration test systems 
at prices as low as $1075 


Now you can buy a high quality, 
dependable vibration test system for 
as little as $1075, including amplifier 
and shaker. 

The MB Vibramatic system, which 
uses a unique miniature vibration 
exciter, is produced in 3 ranges: a 
25 lb. force system priced at $1075 ; 
a 35 lb. force system at $1350 ; and a 
50 lb. force system at $1750. Accel- 
eration rating of all models is 100 g ; 
frequency range is over 10,000 cps. 


The Vibramatic System features 
simplicity of design and ease of op- 
eration. It is manufactured to the 
high quality standards which are 
characteristic of the MB line of test 
equipment. It is suitable for a wide 
range of industrial applications, in- 
cluding fracture testing, component 
testing and sub-assembly testing. 

Vibramatic systems can be used 
for automatic sine and random mo- 
tion testing by adding suitable read- 


out instrumentation and control ac- 
cessories. 

MB engineers will be glad to dis- 
cuss your vibration testing problem 
to determine the suitability of the 
MB miniature Vibramatic test sys- 
tems to your particular application. 
For detailed information and com- 
plete specifications on this unique 
system, write to MB Electronics, 
781 Whalley Avenue, New Haven, 
Connecticut. 


MANAGEMENT 

DOD Official Calls for Controlled, 
Short Program Definition Effort 


Washington— Expanding use of fixed- 
price incentive contracts and program 
definition phase studies will have as 
much impact on the defense industry as 
the technological shift from aircraft to 
missiles in the late 1950s, a Defense 
Dept, official predicted here recently. 

Dr. James H. Gardner, deputy direc- 
tor of defense research and engineering, 
said the two new management tech- 
niques are closely inter-related, because 
both the government and the contractor 
must have sufficient understanding of 
the problems involved in developing a 
new weapon to permit a realistic incen- 
tive contract to be prepared. Gardner, 
who is scheduled to return to industry 
in a few weeks, made his remarks in the 
keynote address to the 1963 Electronic 
Components Conference here. 
Government Needs 

“We in the government must have a 
good understanding of the relative value 
to us of the various elements of per- 
formance, of cost and of the time re- 
quired to complete the work,” Gardner 
said. "These inter-relationships, which 
have come to be called trade-offs, must 
be reduced to numerical form. We must 
be able to tell something about the rela- 
tive value to us of a 1 5 % reduction in 
the circular error probability of a mis- 
sile versus a 30% increase in the cost 
or time of development. This kind of 
understanding is important in making 
decisions to initiate programs and it is 
essential to the design of incentive 
formulas," Gardner said. 

Program definition and incentive con- 
tracts arc being used for applied engi- 
neering and major system developments 
which total about S3. 5 billion in Fiscal 
1963, or roughly half of the total re- 
search, development, test and engineer- 
ing budget, he said. 

The program definition phase should 
be a short, controlled effort, just large, 
long and intensive enough to provide 
detailed mutual understanding and 
agreement between the government and 
the contractor as to what is wanted, 
how to proceed and what it will cost 
in money and time, Gardner told the 
conference. 

"Program definition should not be 
initiated until the government has 
firmly decided what capabilities it wants 
to achieve and, to a first approximation, 
that it is prepared to pay the price,” he 
said. Program definition is most effec- 
tive, Gardner said, when done in a 


competitive environment, but the ad- 
vantages are lost if there are long time 
gaps between completion of the pro- 
gram definition phase, the government's 
decision to proceed and the awarding of 
a definitized contract. 

Decision Delays 

Gardner said that program definition 
contracts should not be used as a means 
of postponing difficult government de- 
cisions, or to decide what kind of mili- 
tary capability is required. The latter is 
an appropriate subject for study con- 
tracts, but is incompatible with the 
basic objectives of a program definition 
study. Such studies should precede the 
program definition phase, according to 
Gardner. 

The Pentagon official said that the 
Defense Dept, recently has instructed 
the services to establish for every applied 
engineering program of major size a 
single project manager who is to be 
given both technical and financial re- 
sponsibility for the program. 

Dominant Roles 

The unreliability and lack of combat 
suitability of many postwar weapon sys- 
tems is the result of the greatly tele- 
scoped time between discovery of new 
knowledge in the laboratory and its ap- 
plication in the field. As a result, tech- 
nologists with relatively little feel for 
the combat environment have played 
dominant roles in developing complex 
weapon systems, while military officers 
with inadequate technical experience 
often have been over-enthusiastic about 
the military potential of undemon- 
strated, premature technical develop- 
ments, he said. 


PERT Automated 

Preparation of PERT management 
network charts can be accomplished auto- 
matically using a technique called PERT- 
NAP (network automatic plotting), de- 
veloped by North American Aviation. 

The technique uses a computer and a 
cathode ray display device built by Gen- 
eral Dynamics Corp. Schedule changes 
fed into a computer on one day arc con- 
verted to updated networks by the next 
morning, NAA says. 

Minimum operational PERT-NAP is 
slated to be working by July with full 

uses by early' next year. 



In hydrofoils . . . 

You’ll find Hamilton Standard 
electronic equipment aboard. 

Two good examples: the automatic 
stabilization equipment which con- 
trols the watery flights of the 
Maritime Administration's 80-ton 
hydrofoil vessel, built by Grumman, 
and the Navy's first hydrofoil sub- 
chaser, built by Boeing. The systems 
are all-transistorized, exceptionally 
rugged, and capable of operating in 
ambients from —60° to +160°F. 

In addition, Hamilton Standard 
supplied the Navy subchaser with a 
dead-reckoning navigation sys- 
tem and a 60-to-400 cps static con- 
verter rated 8 KW . . . and built a 
similar converter for a new landing 
craft hydrofoil. 

If you would like to put our 
experience to work, contact our 
Electronics Department. 

Hamilton _ .United 
Standard Aircraft 

ELECTRONICS DEPARTMENT 
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Kinney mechanical booster systems oper- 
ate at high efficiency over a wide range of 
low pressures, thus overcoming the rela- 
tively low volumetric efficiency character- 
istic of conventional mechanical pumps 
operating in the low vacuum range. 

KINNEY VACUUM 

DIVISION 

THE NEW YORK AIR BRAKE CO. 



FROM 30 TO 10,000 CFM 

IN THE HIGH VACUUM REGION 

These compact, space-saving units deliver new 
highs in volumetric efficiency at reduced dollar- 
per-cfm costs. Kinney mechanical booster pump- 
ing systems combine lobe-type rotary booster 
pumps ranging from 30 to 10,000 cfm with Kinney 
cam-and-piston pumps ranging from 5 to 850 cfm 
to attain ultimate pressures of 2 x 10' 4 torr. 

Bypass roughing lines on many models increase 
the efficiency of the roughing cycle and shorten 
® the time required to reach booster cut-in pressure. 
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United Nations Group Fails to 
Gain Accord on Space Use Rules 


By Ward Wriglit 

United Nations. N. Y.-Sccond meet- 
ing of the United Nations’ legal sub- 
committee working to formulate gen- 
eral principles for the peaceful uses of 
outer space ended in failure early this 
month despite some progress by the 
subcommittee. 

Subcommittee failed to recommend 
even non-controvcrsial principles upon 
which there had been general agreement 
(AW Apr. 22. p. 29). 

Austria's subcommittee representa- 
tive. Dr. Robert Marshik. summed up 
results of the second meeting as “what 
was lacking was not agreement, but the 
will to record it.” 

Meetings Summary 

After 1 3 meetings, the legal subcom- 
mittee adopted a short summary of 
results describing the second session as 
“a very useful and constructive exchange 
of views . . .” with the notations that 
some delegations favored an interna- 
tional treaty-type document and others 
a United Nations’ General Assembly 

Summary listed proposed general 
principles for peaceful space use as fall- 
ing into three categories: 

• Those where there were no differ- 

• Those in which there has been a re- 
approachment of views. 

• Those in which differences of view 
remain. 

Report recommended that the legal 
subcommittee delegations continue to 
try to reach agreement informally be- 
fore the next meeting of the UN Space 
Committee in September. 

Second Session 

At the outset of the second session, 
it was hoped among non-Soviet bloc 
delegations that non-controversial gen- 
eral principles could be adopted while 
work continued on principles capable 
ol being adjusted to differing points of 

General principles not likely to be 
resolved quickly, such as a prohibition 
of reconnaissance satellites would be 
left to later sessions. 

Issues considered non-controvcrsial 
and ready for adoption by the subcom- 
mittee include principle of freedom for 
exploration and use of outer space by 
all states equally under international 
law, immunity of celestial bodies from 
national appropriation, applicability of 
international law, including the UN 
Charter, to relations among states in 
outer space, retention by the launching 


authority of jurisdiction over and owner- 
ship of space vehicles and their person- 
nel, and on liability for injury or dam- 
age that might be caused by space ve- 
hicle accidents. 

Issues considered capable of agree- 
ment through adjustment of points 
of view consist primarily of a new will- 
ingness of some delegations to enter 
into multilateral treaties on the subjects 
of assistance, rescue and return of astro- 
nauts and space vehicles and liability 
for space vehicle accidents. 

Other issues in this category concern 
the matter of private space ventures and 
means of appropriate international 
meeting concerning problems of inter- 
ference and contamination of outer 

Issues not likely to be quickly re- 
solved include space reconnaissance and 
prohibition of war propaganda in outer 
space. 

Feeling among UN observers is that 
failure to adopt non-controversial prin- 
ciples stemmed largely from the Soviet 
Union's stand on two points: 

• Insistence that its II -point package 
proposal submitted Apr. 16 be adopted 

• Demand, for the first time, that these 
principles be drawn up into a treaty to 
be ratified by individual states. 

Soviet Attitude 

Soviet attitude was that in their 
“new” 1 1 -point proposal they had made 
concessions that should be acceptable 
tc all. 

However, most subcommittee repre- 
sentatives regarded the Russians’ con- 

Soviet feeling was that before details 
of individual principles could be worked 
out, a set of general principles would 
have to be adopted since the issues of 
peaceful use of outer space are inter- 
related. 

The other stumbling block, ratifica- 
tion of an international treaty incorpo- 
rating these principles as opposed to 
having them carried by UN General As- 
sembly resolution, was seen by some ob- 
servers as a means of shifting the blame 
to the West for failure to adopt a set 
of principles which the Soviets knew 
were unacceptable at the time they were 
fonnulated. 

Soviets contend that an international 
treaty is necessary to make space law 
binding. 

Non-Soviet bloc countries felt that 
a General Assembly resolution is binding 
and not subject to the delays and diffi- 
culties inherent in ratification of an in- 
ternational treaty. 



In helicopters . . . 


You'll find Hamilton Standard elec- 
tronic equipment aboard. 

One good example: the first flight 
control unit ever to combine auto- 
pilot and amplifier-coupler in one 
package. This system now serves 
Sikorsky’s SH-3A and S-64 hel- 
icopters. Hamilton Standard has also 
produced stability augmentation 
equipment for lightweight hel- 
icopters, including the Hiller L-4. 
Both systems provide extreme com- 
pactness and high reliability. 

If you would like to put our experi- 
ence to work, contact our Electronics 
Department. 

Hamilton _ 0 .United 
Standard Aircraft 
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Marquardt needs advanced propulsion engineers 


Propulsion for the Aerospaceplane concept is one of a num- 
ber of major contributions to advanced technology by engi- 
neers and scientists at Marquardt. This revolutionary system 
requires a propulsion system capable of take-off from con- 
ventional runways, acceleration through the atmosphere, 
orbital cruise in space, and return for an earth landing. 

New and continuing career opportunities arc available to 
creative engineers and scientists on this and other far- 
reaching propulsion and control development activity at 
Marquardt, including Project Pluto, rocket controls for 
Project Apollo's service module, ullage rockets for the 
Saturn IV B, reaction controls for the SynGom II advanced 
communications satellite, and production of Polaris A-3 
rocket nozzles. Current openings in the company's Power 
Systems Division at both Van Nuys, California, and Ogden, 
Utah exist for engineers qualified by experience in rocket 
motors and control systems, airbreathing propulsion, 
mechanical controls, propulsion cycle analysis, aerodynamic 
development, test instrumentation, and test operations. 

At ASTRO, Marquardt's aerospace research group, engineers 
are needed for company-sponsored and government-contract 
activity in chemical and electric propulsion research and in 
such support areas as high temperature materials research, 


high energy fuel formation and evaluation, and advanced 
propulsion cycles. A variety of professional opportunities 
exists in ASTRO for the scientist and engineer experienced 
in aerodynamics, propulsion systems analysis, thermokinet- 
ics, propulsion systems engineering, and materials research. 
Qualified applicants are invited to direct resumes, in con- 
fidence, to Mr. Floyd Horgiss, Manager, Professional Person- 
nel, at the address shown below. 



SAFETY 


CAB Accident Investigation Report: 


Undetected Prop Reversal Blamed 
In Fatal FAA Constellation Crash 


A Lockheed Constellation, Model L- 
749 A, N U6A, owned by the United 
States government and operated by the 
Federal Aviation Agency, crashed following 
a local training flight at Topham Field, 

Canton Island, Apr. 26, 1962, at 1213 
local time. All four FAA crew members 
were fatally injured. One of the two pas- 
sengers, not an FAA employee, was also 
fatally injured. The other, an FAA physi- 
cian, was seriously injured. Tire aircraft 
was destroyed. 

The purpose of the flight was to train 
the copilot in various maneuvers and flight 
configurations prior to being tested for an 
Airline Transport Pilot Rating, and to 
train a flight maintenance technician as a 
flight engineer. 

The probable cause of the accident was 
loss of control during an attempted go- 
around following initial touchdown, as the 
result of an undetected reversal of No. 4 
propeller. 

Investigation 

A Lockheed Constellation, Model L- 
749A, N 116A, owned by the United 
States Government and operated by the 
Federal Aviation Agency, crashed following 
a local training flight at Topham Field, 
Canton Island, Apr. 26. 1962, at 1213 
local time.* All four FAA crew members 
were fatally injured. One of the two 
passengers, not an FAA employee, was 
also fatally injured. The other, an FAA 
physician, was seriously injured. The air- 
craft was destroyed. 

The last flight of FAA Constellation N 
116A prior to the accident was on Apr. 25. 
That flight was from Honolulu. Hawaii, 
to Canton Island, and was operated as FAA 
Logistic Flight 62-53 carrying passengers 
and freight. Before departure from Hono- 
lulu there was a brief delay caused by the 
changing of the rear spark plug of No. 15 
cylinder of No. 4 engine. Otherwise the 
flight was routine, and of about eight hours 
duration, with arrival at Topham Field. 
Canton Island, at 1S55, April 25. The 
crew consisted of Pilot-in-Commnnd. Julius 
J. Terranova, Copilot Herbert G, Fielding. 
Flight Engineer Harry E. Johnson, Naviga- 
tor Robert R. Rassmusscn, and Flight 
Maintenance Technician Paul L. Garriott. 
Jr. Flight Engineer Lloyd Z. Young was 
deadheading. 

A local training flight at Canton Island 
on Apr. 26 had been authorized by FAA's 
Chief of Aircraft Operations for the Pacific 
Region. For this flight the crew consisted 
of Cap. Julius J. Terranova. a designated 
check pilot. Copilot Herbert G. Fielding. 
Flight Engineer Lloyd Z. Young, and Flight 
1 All times herein are local (165th meridian) 


Maintenance Technician Paul L. Carriolt, 
Jr. There were two passengers, Dr. John 
B. Miller, FAA resident physician of Can- 
ton Island, and Areti Tabonga, an employee 
of the Standard Oil Co. at Canton Island. 
The purpose of the flight was to train Co- 
pilot Fielding for his Airline Transport 
Pilot Certificate flight test and also to 
train Flight Maintenance Technician Gar- 
riott as a flight engineer. 

Flight Engineer Young, assisted by 
Mr. Johnson, the flight engineer on the 
previous day's flight, preflighted the air- 
craft and supervised the refueling. At 
0855, Capt. Terranova filed a local VFR 
(Visual Flight Rules) flight plan with the 
IFSS (International Flight Service Sta- 
tion) at Canton, estimating the flight time 
as about four hours. Crew and passengers 
then boarded the aircraft, with Copilot 
Fielding occupying the left pilot seat, 
Capt. Terranova the right pilot seat. Mr. 
Garriott the flight engineer's station, and 
Flight Engineer Young standing adjacent 
to Mr. Garriott. Dr. Miller sat in the 
observer's scat behind the left pilot seat, 
and Mr. Tabonga was in tl.e first seat on 
the left side of the passenger compart- 
ment. During the investigation no weight 
and balance figures could be found: how- 
ever, Flight Engineer Johnson later esti- 
mated the aircraft's gross weight at 88,156 
lb. The maximum allowable for takeoff was 
107,000 lb. 

The engines were started with Mr. 
Johnson acting as fireguard, and at 0900 
the flight contacted Canton IFSS advising 
it would be taxiing to the runway in about 
10 min. 

After run-up. the aircraft took off from 
runway 9 reporting off at 0914 to Canton 
IFSS. As observed from tbe ground by 
Flight Engineer Johnson, and others, the 
aircraft staled in the airport traffic pattern 
and made several approaches and landings 
with various flap configurations, some em- 
ploying propeller reversing after touch- 
down. The first landing was to a full 
stop and appeared to be with 80% flap. 
The aircraft was then taxied back and im- 
mediately taken off again. I lie next 
approach appeared to be with full flaps. 
A go-around was started some 300 ft. over 
the threshold and the aircraft was flown 
level over the runway with flaps down. On 
the next landing which was to a full stop, 
the final approach appeared long, flat, and 
fast. 

The next takeoff was with flaps up. 
Hie aircraft left the traffic pattern and was 
climbed to altitude for the purpose of con- 
ducting emergency procedures training. 

Surviving passenger Dr. Miller indicated 
that these procedures included the feather- 
ing. and simulated feathering, of propellers 
and the simulation of hydraulic and elec- 



Markets are the most im- 
portant reason for locating your 
plant in Orlando, Florida. Cape 
Canaveral, numerous military in- 
stallations, and Florida's mush- 
rooming missile/electronics in- 
dustries offer an unusual concen- 
tration of business for the com- 
pany whose plant or warehouse is 
located at this "gateway to the 
moon” in Greater Orlando. 


You'll find it's easier to at- 
tract top engineering talent for 
this Florida location — people like 
to work where it's fun to live. 


For information on how your 
company can profit by locating in 
the heart of Florida’s missile/ 
electronics complex, send your 
inquiry in confidence to Orlando 
Industrial Board, Room 511, City 
Hall, Orlando, Florida. Or phone 
CHerry 1-1511. 


ORLANDO 
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Cubic offers first solid-state, 10-watt and 2-watt 
telemetry transmitters to meet full IRIG standards 

Cubic’s new Type IV Telemetry Transmitter is the first all solid-state 


> c Type IV is a crystal-co: 


Po^put: 0.8 amps max. 

"SSsSsiS* 


. „I t.lLby urnmm. n -Liable (or to. tMi.ay. For |SL CUBIC 
lformation, write to Dept. B-146, Coble Corporate., Sen Diego SSSgSSSSSS 


General Electric has the 
right tungsten for you 
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Tough guy 


The toughest proving ground for any aero-engine is in 
trainer aircraft, where the Bristol Siddeley Viper gas 
turbine made its reputation. In seven years Viper- 
powered trainers have entered service in six Air Forces 
of the world. Add to this the fact that Vipers have also 
featured in nine other types of aircraft including execu- 
tives, research aircraft and fighters and you have world- 
wide proof of ruggedness and reliability. 

The sheer simplicity of the Bristol Siddeley Viper is 
the basic reason for its reliability and ease of handling. 
It has also been a major feature in the rapid development 
of the engine from its original rating of 1 ,575 lb. The latest 
version, the Viper 20, is rated at 3,000 lb thrust and 


powers the de Havilland DH 125 and the Piaggio/Douglas 
PI) SOS executive jets. The engine is now under develop- 
ment to even higher thrusts. — 

An extensive service organisation exists for the benefit 
of the operators of Bristol Siddeley engines and full 
servicing facilities are available throughout the Americas. 

Bristol Siddeley Engines Limited, Aero-Engine 
Division: PO Box 3, Filton, Bristol, England. 

I = S-m 

BRISTOL SIDDELEY ENGINES LIMITED 


the fuselage break on a heading of 35 deg. 

A total of 16 persons on the ground saw 
or beard various phases of the final ap- 
proach, touchdown, and crash. A number 
of their statements indicate that the final 
approach was higher and steeper than usual, 
with Baps extended 100%. One. a weather 
observer, stated in effect that the aircraft 
touched down on both main landing gears 
some 300 ft. past the runway threshold. 
Another, Flight Engineer Johnson, observed 
the right wing to be slightly down and the 
nose to be down just before touchdown 
which he thought was farther down the 
runway. Some witnesses heard a pronounced 
increase in engine noise when the aircraft 

Much of the forward portion of the air- 
craft was literally ground away by sharp 
coral. However, the airframe proper, its con- 
trol systems, other aircraft systems, the in- 
strumentation. the engines, and the propel- 
lers were examined. There was no evidence 
of failure of the airframe nor of the control 
systems. Readings of instruments, engine 
controls, and tab settings, which could be 
obtained yielded nothing that could be di- 
rectly related to the accident. The flap 
handle was in the "up" position. The flap 
control mechanism indicated the flaps were 
in transit upward at approximately 60% at 

The and rudder boost 

control levers as well as their related control 
valves were found in the "off" position. 

Tire maintenance records of the aircraft 
indicated both proper and current mainte- 

The engine examination, which included 
complete disassembly, was conducted under 
Board supervision at Los Angeles where 
complete facilities were available. There 
was no sign of operational distress in any 
of the four engines, nor did the maintenance 
histories of the engines suggest any items 
that could logically be linked to this acci- 
dent. 


Propeller Pitch 

if the 


cated that the blade angles al 
impact were 15 deg. positive. 15 deg. posi- 
tive. 23 deg. positive, and 20 deg. negative 
fill Nil-.. 1. :. 3. and -t. respectively. The 
low pitch stop is at 1 5 dee. positive and the 
reverse pitch stop is at 20 deg. negative. 
Functional tests and disassembly of the 
pitch changing mechanism of the four pro- 
pellers did not reveal anv irregularities. 
Functional tests of the four governors were 
satisfactory. Two of the governors were 
checked for engine rpm. settings with 2,260 
and 2,300 indicated. The above work was 
accomplished at Honolulu. Subsequently, 
the No. 4 governor was again functionally 
tested and disassembled at Los Angeles. 
The test was satisfactory. The only dis- 
crepancy found during examination follow- 
ing disassembly was scoring and pitting on 
the low pressure relief valve. Propeller re- 
pair specialists described the extent of this 
scoring and pitting as "excessive," consider- 
ing the relatively low operational time of 
352 hr. since the last overhaul. The cause 
of the scoring and pitting could not be 
established. 

The No. 4 governor had been overhauled 
rplicablc Service Bulletins and Air- 
complied with in 


and all applies 
wort' 


ie govemr 


stock as a spare unit until July, 1961, at 
which time it was again disassembled, in- 
spected, latest modifications incorporated, 
reassembled and functionally tested. The 
low pressure relief valve was riot replaced 
and reportedly was in good condition at 
this time. 

Autopsies were performed on the bodies 
of the crew members. Only one significant 
fact was revealed. Flight Engineer Young 
had recently ingested a significant amount 
of a barbiturate. His tissues contained 
therapeutic quantities of an unidentified 
barbiturate— with physical properties similar 
to butabarbital— which would be compatible 
with his having taken a 100 mg. dose of a 
medium or long-acting barbiturate three 
times a dav for a prolonged period. This 
same tissue level could have been achieved 
in other ways, such as taking four or five 
100 mg. tablets a few hours before death; 
or five to ten tablets 10 hr. before death. 
Barbiturate Usage 

'Flic Administrator had elected to conduct 
flight operations of this aircraft in accord- 
ance with Parts 20. 43, and 60 of the Civil 
Air Regulations except for certain special 
deviations. Section 43.45 of Part 43 of the 
Civil Air Regulations prohibits any person 
from serving as a crew member in civil air- 
craft while using any drug which affects his 
faculties in a manner contrary to safety. 
However, a deviation from this provision 
is found in the Administrator's Manual of 
Procedures which governs the operation of 
this flight in that it proscribes the use of 
barbiturates by crew members within twelve 
hours prior to flight. 

The sequence of events prior to and dur- 
ing the accident was established largely 
through details provided by the survivor, 
Dr. Miller. He was seriously in)urcd and 
was initially able to recall only the general 
activities, operations, procedures, and ma- 
neuvers prior to the final touchdown of 
N 116A. He was unable, at first, to recall 
details prior to and immediately after the 
accident other than that the touchdown 
was normal, the aircraft gradually veered 
to the right, and the Pilot-in-Command, 
Capt. Terranova, shouted “. . . frozen!", 
and reached far to the left from his right 
scat, across the pedestal, to some undeter- 
mined control. The copilot in the left seat 
had both hands on the control wheel, ac- 
cording to Dr. Miller. 

Survivor Questioned 

Dr. Miller, a government physician, was 
eager to help m the investigation of this 
accident. At the suggestion of a Board 
investigator he agreed to be questioned 
while under the influence of sodium amvtal, 
a drug used to prompt memory recall. The 
method, or technique, is known as narco- 
synthesis and is sometimes used by physi- 
cians to help patients release suppressed 

Accordingly, on May 11, 1962. Dr. Miller 
voluntarily submitted to a medically super- 
vised interview under narcosynthesis, with 
a Board investigator present. Lt. Colonel 
Paul Ycssler, M.C.. U.S.A., Chief. Neuro- 
psychiatric Division, at Triplet Army Hos- 
pital, Honolulu, administered the drug. At 
this time, Dr. Miller recalled many of the 
details of the flight including the words 
which Capt. Terranova shouted as the air- 
craft veered to the right on landing: "Con- 
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THERE MUST BE A BETTER WAY 


There is . . . 

It's the air conditioned Aero Commander 680F-P. Heavy 
traffic may delay your take off. No matter. You sit relaxed 
while the filtered air within the cabin remains fresh and cool. 
Once you're airborne, go right on upstairs where there’s 
smooth sailing ... in pressurized comfort. The better way 
of business travel is by your own high speed, time saving, 
safe Aero Commander 680F-P. And without concern for 
weather, hot or cold, wet or dry, day or night, VFR or IFR. 


OMMANDER 


COMMANDER. 


BETHANY, OKLAHOMA 


if ROCKWELL-STANDARD CORPORATION 


liols frozen!", and "Ailerons frozen!". Dr. 
Miller also remembered that at approxi. 
mately the same time, Capt. Terra nova 
reached for the aileron and rudder boost 
control levers and pulled them to the "off" 
position. On May 12, l t )62, a tape record- 
ing of the interview was played back for 
Dr. Miller, at which time recall of these 
details was verified. This was the first use 
of narcosynthcsis interview technique by the 
Board in connection with the investigation 
of an aircraft accident. 

Aircraft and powcrplant maintenance, and 
the state of the weather cannot demon- 
strably be linked to the cause of this acci- 
dent. 

Investigation of the airframe, systems, 
and powerplonts revealed the following 
three items which cannot be accepted as 
normal and will be specifically considered in 
this analysis: namely, 

• No. 4 propeller in reverse pitch (—20 
degrees), 

• No. 4 propeller governor low pitch re- 
lief valve pitted and scored. 

• Aileron and rudder boost off. 

Otherwise, no evidence of a suspect na- 
ture was disclosed by the investigation of 
the airframe, systems, and powerplants. 

The landing culminating in the accident 
was to have apparently been the last for the 
day. Maneuvers, and their sequences, which 
were being practiced prior to the final land- 
ing, are not known precisely. However, ac- 
cording to the survivor they included a 
considerable number and variety of simu- 
lated emergency conditions, including a 
feathered propeller or propellers in conjunc- 
tion with other simulated difficulties. The 
use of propeller reversing during landings 
was established. 

The reportedly higher and steeper than 
usual final approach with flaps extended 
100% is not considered unusual, especially 
during the conduct of a training flight. The 
approach configuration and path arc not 
considered pertinent to the probable cause 
of the accident or indicative of difficulties 
being encountered. 

Discussion of the initial touchdown of 
the aircraft on the right main landing gear 


and its subsequent attitude and path of 
travel cannot be divorced from considera- 
tions of the No. 4 propeller which was 
found in full reverse pitch. Apparently, the 
approach was essentially normal until just 
prior to touchdown. The propeller operat- 
ing during approach with an ineffective low 
pitch stop constitutes a very logical cause 
for the landing events as described. 

As power and airspeed are progressively 
reduced, propeller pitch decreases to main- 
tain the selected rpm. until the low pitch 
stop is reached. Normally, any further re- 
duction in airspeed and/or power is re- 
flected by a reduction in rpm. In the event 
the low pitch stop is ineffective, blade angle 
is further reduced and at least initially, the 
selected rpm. is maintained. This situation 
would be most readily evident to the crew 
by an rpm. decrease on three tachometers 
and one. No. 4. would remain at the se- 
lected reading. Change in thrust as sensed 
by the pilot at the controls would be rela- 
tively minor and probably would go un- 
noticed during the phase under discussion. 

As the airspeed and/or power was further 
reduced and probably at the time power 
was reduced to start the flare, energy input 
to the propeller would decrease such that 
the selected rpm. would not be maintained 
and the propeller blade angle would abruptly 
decrease with an appreciable rpm. decrease, 
and would move into the reverse pitch 
regime and continue to full res'erse. As the 
propeller moved toward full reverse, the 
reverse pitch indicating light located on the 
pilot's panel would come on. This light 
conies on about 5 deg. before full reverse 
pitch is reached. 

Accompanying this blade angle change 
would be an abrupt and very substantial 
increase in drag and some reduction of right 
wing lift. It is concluded this it what oc- 
curred because it is not only compatible 
with the touchdown attitude but with the 
physical evidence as well. 

Information as to specific power and 
specific airspeed at any particular time 
■long the final approach path is lacking. 
Ilow-evcr, to provide some appreciation of 
the parameters involved, the airspeeds, rpm. 



Bell Acrosystems’ "Carabao" ground-effect machine, developed for the commercial market, 
recently began tests at Bell's new GEM test base on Lake Erie at Buffalo. Craft uses three 
cells fed by a single lift fan driven by a 60-hp. Franklin aircraft engine. Propulsive thrust 
is supplied by a 150-hp. Lycoming aircraft engine driving a variable-pitch, 6-ft. propeller. 
Vehicle's gross weight is 2,900 lb. Measurements are: length, 18.7 ft.; width, 16 ft.; height, 
10 ft. Top speed is 60 nipli. 
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As systems integration 
contractor for the USAF 
TITAN III program, MARTIN 
DENVER has a current need 
for individuals with 
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talents and a desire for 
challenging career assign- 
ments in the following — 
and related -areas of 
science and engineering: 

• BASING STRUCTURES 

• FLIGHT MECHANICS 
AND SIMULATION 

• CONCEPTUAL DESIGN 

• AERO/ASTRONAUTICS 

Martin's present expansion 
offers you exceptional op- 
portunities for professional 
growth and advanced edu- 
cation, plus ideal working 
environment and family liv- 
ing conditions. 


Send complete resume to 
F. A. McGregor 

Manager of Personnel Staffing 
Mail •'A-64-U 
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NEW from DEI 

PUSH-BUTTON 

PCM 

SYNCHRONIZER 

• Exceptional Stability and 
Calibration Accuracy 

• Correlating Bit Detection 

• All Digital Loop Filter 

• Wide Dynamic Input Range 

> o o 

0 100 1000 

NOW-for the first time, push-button 
bit rate selection is possible! 

From Defense Electronics, Inc. comes 
the latest in a line of PCM Digital 
Products. 

The solid state BRS-1 Bit Synchronizer/ 
Conditioner has been designed for 
PCM telemetry applications and fea- 
tures accurate setting (within 0.1 per 
cent) for a known bit rate prior to actual 
signal reception. 

This exceptionally stable and highly 
accurate synchronizer accepts a serial 
PCM signal at rates up to 1 me, auto- 
matically conditions the incoming data 
and generates a stable clock signal. 
Automatic circuitry adjusts to input sig- 
nals over a 40 db dynamic range. The 
unit incorporates a unique digital loop 
filter that maintains bandwidth propor- 
tional to bit rate at all frequencies. Out- 
put of the synchronizer is a reshaped, 
noise-free, serial PCM signal and a set 
of clock signals phase coherent with the 
output data. 

The BRS-1-which can be remotely- 
controlled-performs the functions of 
data regeneration, format conversion 
and serves as the "front-end" for any 
digital telemetry system. 

Write for DEI bulletin BRS-1 ... or call: 

Defense Electronics, Inc. 

Main Office: 

5455 Randolph Rd. Phone: WH 6,2600 
Rockville, Md. TWX: 301.0-M, 67S8 




and powers, which result in the propellc; 
governing at the 15-deg. low pitch stop, 
arc listed as follows: 


A reduction of IAS and/or BHP. with 
rpm. remaining constant, causes the pro- 
peller blades to go below 15-deg. blade 
angle if the low pitch stop is ineffective. 

HP. 

runway by only 
during which an 
application of power was heard, the air- 
craft lifted off, and while turning to the 
right, the right wing tip contacted the 
ground. The right turn continued with 
the right wing dragging. Indications are 
that the wing Raps were in transit toward 
the retracted position which, in conjunction 
with the application of power, leads to the 
conclusion a go-around was being attempted. 
The onlv logical explanation for this un- 
controllable maneuver, compatible with the 
physical evidence, is that with Nos. 1. 2, 
and 3 propellers in forward thrust and No. 
4 propeller ill reverse thrust, full power was 
applied during an appreciable period fol- 
lowing the initial touchdown. 

The possibility that early use and/or mis- 
use of the throttles mav have precipitated 
the accident has been considered. One such 
possibility considered is that reverse thrust 
may have been applied before the aircraft 
was firmly on all landing gears, then because 
of control difficult!-, forward thrust was 
applied with No. 4 failing to respond. Such 
an occurrence has been discounted because 
the short time involved precluded normal 
reversing and unreversing of the four pro- 
pellers. FTirtliermorc. the throttle ar- 
rangement on this aircraft make inadvertent 
application of reverse thrust most unlikely. 

An ineffective low pitch stop is con- 
sidered the most likely cause of the pre- 
mature reversal of the bio. 4 propeller. The 
timing and sequence of events following 
initial touchdown are precisely what would 
be predicted in this es-ent. 

As for an explanation, there are several 
possibilities. A false electrical reversing 
signal would immediately initiate a reversal 
and would be expected to be random time- 
wise. Special precautions taken to protect 
the reversing solenoid circuit from false 
signals have been very effective. This is 
considered to be the most unlikely of tile 
several possible causes of the unwanted 
reversal that have been considered. 

Timing of the reversal, as previously dis- 
cussed, is considered to be very pertinent to 
this conclusion. Either a governor low pres- 
sure relief valve seized in Hie closed position 
or a low pitch stop lever assembly servo valve 
stuck in the open position would render 
the low pitch stop levers ineffective. Nor- 
mal propeller response to airspeed and 
power with cither of these malfunctions 
present would result in propeller response 
as previously discussed. A propeller feather- 
ing and unfeathering in flight would provide 
the positioning for either of these valve: 
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Florlda s newest metropolitan industrial eress 

some advantages lhal Impressed them when 


10 you. FLORIDA'S EXPANDING MARKET, MILD 
YEAR-ROUND CLIMATE, AMPLE MANPOWER, 
LOW COST INDUSTRIAL SITES. FAVORABLE 
TAXES, AMPLE POWER, WATER AND FUEL, 
EXCELLENT TRANSPORTATION, AN INDUSTRY 
MINDED COMMUNITY — All YOURS IN . . . 



INDUSTRIAL AREAS 

THRESHOLD OF THE RACE TO SPACE 

Ormond Beach • Holly Hill ■ Daytona Beach 
Sooth Daytona • Daytona Beach Shores • Port Orange 

THE DAYTONA BEACH AREA COMMIT- 
TEE OF 100 pledges its complete coopera- 
tion in helping you find a profitable indus- 
trial site. Direct your inquiry^ to^J. Saxton 

inquiries in his personal file in the very 
strictest confidence. 



Mr. J. Saxton Lloyd, Chairman 
Committee of 100 


Daytona Beach Industrial Areas 
Dept.A-10 — Daytona Beach, Fla. 


Please send detailed information on the 
Daytona Beach Industrial Areas. 
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All are FORGED TITANIUM 

A major requirement today is FORGED TITANIUM pro- 
duced to exacting engineering specifications. 

Taylor Forge has made and continues to make significant 
contributions through the development of a wide range of 
forged configurations and property groupings. These contri- 
butions encompass discs and seamless rings for jet engines; 
hemispheres, elliptical closures and contoured seamless body 
sections for missiles such as Atlas, Minuteman, Titan. Recent 
developments include bulkhead rings for such spacecraft as 
Mercury and Gemini. This is typical of the many Taylor Forge 
achievements toward meeting requirements of the jet engine, 
nuclear, launch vehicle, and spacecraft industries. 

For your requirements in any metal — particularly the tough 
ones like Titanium, Tungsten, Magnesium, and Nickel Base 
Super Alloys — Taylor Forge engineers are prepared to talk 
your language. 

S TAYLOR FORGE 

Custom Forgings Division 


Taylor Forge & Pipe Works 
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Flight Personnel 

Capt. Julius J. Terranova. age 38. was 
employed by the Federal Aviation Agency 
on May 23, 1959. He possessed an FAA 
Airline Transport Pilot Certificate, No. 
238865, and ratings in L-749 and DC-4 
tvpe aircraft. He had a total of 5,867 hr., 
of which 3,911 were in Constellation type 
aircraft. His last proficiency check was on 
Sept. 6, 1961, and his last'en route check 
was on Feb. 11. 1962. His last first-class 
medical examination was taken in Feb., 
1962, with no limitations. On Aug. 7, 1961 . 
Capt. Terranova was appointed check pilot 
on L-749 and DC-4 type aircraft. 

Copilot Herbert G. Fielding, age 45. was 
employed by the Federal Aviation Agencv 
on Feb. 8, I960. He possessed FAA com- 
mercial certificate No. 429746. with multi- 
total of 8,353 hr., of which 524 were in 
the Lockheed L-749A. His last first-class 
medical examination was passed on Apr. 19. 
1962, with no limitations. 

Flight Engineer Lloyd 7.. Young, age 45, 
was employed bv the Federal Aviation 
Agency on Mar. 7. 1959. He possessed 
Flight Engineer Certificate No, 1196651, 
and Airframe and Powcrplant Mechanic 
Certificate No. 161034. He had a total of 
over 6,000 hr. in Constellation aircraft. His 
last second-class medical examination was 
passed in October, 1961. 

Student Flight Engineer Paul L. Garriott. 
Jr., age 32. was employed by the Federal 
Aviation Agency as a night Maintenance 
Technician on July 10. 19(51. lie possessed 
Airframe and Powcrplant Certificate No. 
1372514. His last second-class medical ex- 
amination was passed in June, 1961. 

The Aircraft 

The aircraft was originally purchased 
fiom Lockheed Aircraft Corp., by Eastern 
Air Lines on Feb. 10, 1949, as niodcl No. 
L-749A-79. S/N 261 1 . It was leased bv the 
United States Government from EAL, and 
certificated Aug. 23, 1960. 

The United States government purchased 
the aircraft June 30. 1961. The aircraft was 

ated in the FAA's Parific Region out of 
Honolulu. Hawaii. It had been flown a 
total of 1.189.8 hr. by the FAA. The aircraft 
had a total of 41.481.6 hr. and 3.968 hr. 
since the last Block 3 overhaul which was 
accomplished bv Eastern Air Lines. 

FAA maintenance records indicate that 
the last preflight check (daily) was per- 
formed on N 116A, 11.0 hr. prior to Apr. 
25. 1962. A total of S0.5 hr. had been 
flown since its last numbered check (No. 
11), which was completed on Mar. 29, 
1962. FAA maintenance system numbered 
checks are performed every 120 hr. 

The engines were Curtiss-Wright model 
No. 749C18-BD1. with operational times 
since overhaul of 91.9 hr.. 38.9 hr., 999.6 
hr., and 474.3 hr. for Nos. 1, 2. 3. and 4, 

The propellers were Hamilton Standard 
model No. 43E60-343. blade tvpe 6903B-0. 
Their operational times since overhaul were 
263.9 hr.. 2,065.1 hr.. 91.9 hr. and 2,065.1 
hr. for Nos. 1, 2, 3, and 4, respectively. 
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Three more 
invitations to 
think explosively 
with Du Pont 


Here are three examples of the many ways 
you can solve design problems with the new, 
explosives and know-how offered by Du Pont. 

Whenever your problem involves actuat- 
ing, triggering, cutting, separating, igniting— 
any action that requires a fast, decisive, posi- 
tive impulse— Du Pont can help you design a 
system, test it, and procure it. 

You can get help in five major areas: (1) 
detonators, caps, squibs, (2) explosive de- 
vices and assemblies, (3) explosive cords, 
(4) plastic-bonded explosives, (5) propel- 
lant chemicals. 

Send for our new 1 6-page guide on Du Pont 
explosive specialties and services. Or call in 
one of our Explosive Systems Specialists. He’s 
cleared for “Secret”, and 
ready to work with you at 
any stage of your project. 




Send me your new 20-page 
guide, which gives details 
on Du Pont explosive 
specialty products and 





WHO'S WHERE 



DYNAMIC STABILITY 


Control Systems Engineers know the problem here is one of synthesis, 
as well as analysis. Therein lies the challenge and opportunity for the 
creative technical mind. Of course, the men we want will be pros, thor- 
oughly familiar with the use of analog and digital computer simulations 
and the latest applicable techniques. They'll be interested in advancing 
their careers with Honeywell in Florida fora number of important reasons. 
Our volume of work is great in size and scope . . . Our growth rate steady. 
These give real meaning to the fact that we pay and promote to recognize 

Sound good to you? Then let us know! Remember, too, there is oppor- 
tunity here for engineers and scientists AT EVERY LEVEL OF EXPERI- 
ENCE in a wide variety of aerospace guidance/navigation programs. 
A brief note describing your experience and particular field of interest, 
addressed to B. J. Keese, Honeywell, 13350 U. S. Highway 19, St. 
Petersburg, Florida, will bring a prompt, confidential reply and probably 
an invitation to visit with us to see our facilities, meet our people and 
discover for yourself the many added advantages of working and living 
here on Florida's Suncoast. 


Honeywell 

"A Good Place to Work ... A Good Place to Live" 
HonS^ll^lll^^ a US? n i«w>» F Eckstroir 



HONEYWELL ENGINEERS ARE DOING THINGS IN FLORIDA 


(Continued from page 23) 


Changes 

Hugh Brady, dircctor-Apollo Program, 
Milwaukee Plants, AC Spark Plug Div„ 
General Motors Corp., Milwaukee, Wis. 
Also: Jack F. Steele, manager of specialized 
marketing, Milwaukee operations of AC 
Spark Plug Div. 

Ray Ralfesbcrger, chief enginecr-Ccntaur 
ground support equipment, General Dynam- 
ics/Astronautics, San Diego, Calif. 

Steve D. Trahan, director-vehicle flight 
readiness, Douglas Missile & Space Systems 
Div., Santa Monica, Calif. 

George T. Dib, coordinator of space tech- 
nology. Vitro-Smith Corp., New York, N Y. 

J. W. Miller, director-marketing. Piper 
Aircraft Corp., Lock Haven, Pa., and W. C. 
Smith, sales manager. 

Ivan F. Weeks, senior staff scientist to the 
director, Office of Research, San Bernardino 
(Calif.) Operations of Aerospace Corp. 
Other San Bernardino Operations appoint- 
ments: Edward Pepper, director, Nikc-Zcus 
Target Program; Alex Petrovsky, manager- 
integration engineering. Mobile Mid-Range 
Ballistic Missile (MMRBM) Program; 
George C. McKoy, manager-systems analysis 
and instrumentation, ATHENA Program 
Office; Thomas R. Hershey, section head- 
computer systems and operations, Computa- 
tion and Mathematics Center, Technical 
Div. 


Conn. 


t Corp.'s Norden Div., 
Norwalk, Conn., has announced the follow- 
ing appointments: Carl F. Schaefer, video 
systems engineering manager; Shu Lee, guid- 
ance and control engineering manager; Eu- 
gene Tatom, solid-state engineering manager; 
Robert D. Rinehart, component engineering 
manager; Leo Botwin, radar systems engi- 
neering manager; Frank S. Preston, advance 

T. Albert Dclfickcr, director-marketing, 
LFE Electronics, a division of Laboratory 
For Electronics, Inc., Boston, Mass. 

Robert R. Stephens, manager-engineering, 

of America, Silver Spring," Md„ 'and Ken- 
neth B. Boothe, manager-sales. 

William G. Weigel, manager. Acres 
Commercial Explosives Program, Ordnance 
Div. of Aerojet-General Corp.’s Downey 
(Calif.) Plant. Joseph B. Tortorici succeeds 
Mr. Weigel as customer relati 
of the Ordnance Div. 

Hans E. Baumgartner, resea: 

research and development group, Beckman 
& Whitley, Inc., San Carlos. Calif. 

Martin Lyford, process-control applica- 
tions manager. Commercial Computer Div., 
Information Systems Group, General Pre- 
cision. Inc., Burbank, Calif. 

Dr. C. Dudley Fitz. chief. Penetration 
Aids Branch, Directorate for Ballistic Mis- 
sile Defense, Advanced Research Projects 
Agency, Washington, D. C. 

J. Lynn Helms, assistant general manager, 
Bendix Corp.'s Systems Div., Ann Arbor. 

Henry E. Drallc, director-field engineer- 
ing services. Burns and Roe, Inc., New 
York, N. Y. 
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newINSIGHT 


TO 


ADVANCED AEROSPACE 
SYSTEMS PROBLEMS 


Bell Aerosystems, long recognized for outstanding advances in the aircraft and aerospace indus- 
try, has again succeeded in obtaining contracts requiring Engineers who are able to apply their 
past experience to the ever new challenges of space. 

PRESENT PROGRAMS INCLUDE: 

LUNAR LANDING RESEARCH VEHICLE VTOL AIRCRAFT 


GEM VEHICLE 

design and build a high performance vehicle, ' 
SKMR-1 HYDROSKIMMER. 65 feet long and wei 


AERODYNAMICISTS 


OPPORTUNITIES ARE OPEN FOR: 


nalyses and related 


dated aerodynamic 


aero-thermodynamic and low density flow problcir 


To continue our 


casing trend in space development, opportunities also exist for: 


SPACE SYSTEMS DEVELOPMENT 

ENGINEERS Technical Directors and Project 


of major proposals, being cognizant o 
ch. scheduling and cost aspects. BS ii 
h advanced degree preferred, and 8 


OTHER IN-HOUSE CONTRACTS INCLUDE; 

SStiSSrSsSSi&SsS 


■ RELIABILITY ENGINEERS ■ VALUE ENGI- 
NEERS ■ STRUCTURES ENGINEERS ■ WEIGHTS 
ENGINEERS ■ ROCKET MECHANICAL ENGI- 
NEERS 


<$> 


BELL AEROSYSTEMS CO. 


DIVISION OF BELL. AEROSPACE CORPORATION -A tBXtrOfll COMPANY 
An Equal Opportunity Employer P.O. Box ‘ 1, Buffalo 5, New York 


K & SPACE TECHNOLOGY, M 






ENGINEERS • SCIENTISTS 


DATA HANDLING ENGINEERS 





data handling equipment, for radars and telemetry, spanning from Cape 
Canaveral to the Indian Ocean providing a high-capacity data transmission 
system with over 3000 bits/sec. and error rate less than 10' 4 over a 3 kc rf 
channel 


GUIDED MISSILES 
RANGE DIVISION 



Openings Exist in the Following Ai 


ELECTRONICS/ 

ELECTROMECHANICS 

• Design & Development 


SPACE FLIGHT-TEST 
TECHNOLOGY 

• Thermodynamics 

• Aerodynamics 

• Systems Evaluation 

• Test-Range Technology 

SYSTEMS ANALYSIS 


. Syste 


• Open 




STRUCTURES 


RELIABILITY ANALYSIS 
& ENGINEERING 

iction Analysis 


located in Wilmington, Lowell and 
iropolitan Boston. At Avco/RAD you 


Send resume to 
Mr. J. Bergin, 
Dept OTA 


201 Lowell St., Wilmington, Mass. 


WEAPONS 

SYSTEMS 

ANALYSTS 

To play decisive role 
in planning major 
Missile Program 




snaesJis 

'RADAR PERFORMANCE 

'RE-ENTRY PHYSICS 
MISSILE AERODYNAMICS 
and CONFIGURATION 
'MISSILE GUIDANCE 
and ELECTRONICS 
'NUCLEAR WEAPONS 
and EFFECTS 


STANFORD 

RESEARCH 

INSTITUTE 

Menlo Park, California 


ATTORNEY 


FAR EAST AIRLINE desi 


Post Office Box 3567 
Washington 7, D. C. 
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The Pleasant Face of Connecticut 


. . where technical challenge goes 
hand in hand with the good life- 


Connecticut living . . .in all its fascinating diversity . . . will 
thoroughly round out your career as an engineer at Sikorsky 
Aircraft in beautiful Stratford. 

To start with— your engineering day will be action-filled 
and rewarding. You'll be merging your talents with the leader 
in a demanding and exciting field — advanced VTOL aircraft 
systems. And our far-ranging military, commercial and in- 
dustrial programs offer full potential for personal recognition 
and progress. 

Then consider this— you’ll enjoy serene living— the relaxing 
atmosphere of pleasant villages and suburban towns. 
Childrens Their life will be enriched by the educational 
opportunities provided by the finest school facilities. In addi- 
tion to the best in public education, Connecticut is noted for 
its 75 private preparatory schools and 33 accredited colleges) 
or universities— all within the state’s compact borders. 

Of course, there’s recreation . . . miles of clean, sandy beaches' 


—golf and yacht clubs— ski resorts and varied cultural ac- 
tivities, including Stratford’s famed Shakespearean theater. 
In a “big town” mood? No problem. You’re only a brief 
parkway drive from the heart of Manhattan. Happy com- 
bining of the things that count? We think so. 

SOME OF OUR INTERESTING AREAS OF OPPORTUNITY FOR 
AIRFRAME ENGINEERS ARE: AIRFRAME DESIGN • PROPULSION 
■ AIRCRAFT STRUCTURES • FLIGHT DEVELOPMENT • AERO- 
DYNAMICS • 

A NOTE ON ACADEMIC ADVANCEMENT: 

The multiple benefits of Connecticut life are further enhanced by the 
opportunity to earn advanced degrees through a corporation-financed 
Graduate Education Program. These programs are available at such 
accredited schools as Yale University, Rensselaer Polytechnic In ^ 
stitule (Hartford Graduate Center ) and Columbia University. 

Send your resume in confidence, stating salary requirements, 1 
to: Mr. Leo A. Shalvoy, Engineering Personnel. 


Sikorsky Aircraft — ■ - — g «" — 


Searchlight Section 







LETTERS 


McNamara’s Teams 

I find your recent article (AW Apr. 29, 
p. 23) entitled "Pentagon Teams Prepare 
McNamara on TFX" incredible. 

It does not seem possible to me that our 
government lias sunk to the depths which 
this article indicates. Is it truly possible that 
McNamara is spending thousands of the 
taxpayers' dollars to pay a team of experts 
to work (especially nights and weekends) to 
justify a stand he has already taken? What 
happened to all the facts and figures he 
used to come to this decision? 

If this article is really a statement of the 
facts, it can only mean that we are governed 
by a group who make haphazard choices 
strictly as their whims dictate, and then 
spend our money in an attempt to justify 
this choice. 

Eocene A. Parsons 
Minneapolis, Minn. 


Brittle Brilliance 

Reference your editorial "The Brittle Bril- 
liance" (AW Apr. 15, p. 21). 

It is sad that an individual of your intelli- 
gence would stoop so low in your attempts 
to degrade the Kennedy Administration. 
That you should be so well informed and 
possess the genius of having better judgment 
than the Administration, on all the problem 
areas which you mention, is incredible. That 
you should be so unscrupulous as to attempt 
to sell such distortions and falsehoods to 
your readers is even more astounding. 

As one of the most ardent supporters of 
this most capable Administration, I wonder 
how you can flounder to the extent that 
your smart-aleck antics cause you to com- 
pletely miss the incredible trail of political, 
technical and moral excellence of this Ad- 
ministration. 

Jerome V. Ray 
Justin, Tex. 


It won’t take much of your time to read 
what I have to say about your editorial in 
the issue of Apr, 15. I believe it's the best 
comment on the Administration I have ever 
read, and if given the opportunity would 
not change a comma. 

E. F. Mulligan 

President 

The [ones Metal Products Co. 

West Lafayette, Ohio 


Congratulations on your editorial in the 
Apr. 15 issue. More of this truth telling 
needs to be published— keep it up! 

Peter C. Cameron 
Washington, D. C. 

Your editorial "The Brittle Brilliance” 
(and others, for that fact) should be made 
available to every GOP group and club in 
the country for reproduction and mass dis- 
tribution. 

I fear it will take more than one year to 
get the controlling vote to the editorial 


/ Iviation Week welcomes the opinions 
of its readers on the issues raised in the 
magazine's editorial columns. Address 
letters to the Editor. Aviation Week, 
330 W. 42nd St.. New York 36. A. Y. 

Try to keep letters under 500 words and 
of writers will be withheld on request. 


pages of publications who are analytical in 
their criticism of the present Administra- 
tion, and more than a year for these publi- 
cations to front page such editorials. 

W. W. Neubauer 
Los Angeles, Calif. 

For about ten years I have been a sub- 
scriber and regular reader of Aviation 
Week. During this time I have always 
found the magazine informative and inter- 
esting, but never before reading your Apr. 
15 editorial "The Brittle Brilliance was I 
tempted to speak up. 

For that editorial you have my most sin- 
cere congratulations and respect. Your com- 
ments indicate a keen insight and under- 
standing of the situation as well as an 
unusual degree of courage. 

Leonard J. Williams 
Washington, D. C. 

Your editorial in the Aviation Week 
Apr. 1 5 issue is the most clear and concise 
indictment of the Kennedy Administration 
failures that I have read. 

Please let me know if it is possible to buy 
reprints of this editorial. If you do not have 
reprints available, please let me know if I 
can have permission to reproduce the edi- 
torial for the purpose of mailing to members 
of Congress, other editors, and friends. 

Harley Tompkins 
Orlando, Fla. 

May I congratulate you in general for 
your fine magazine and in particular for your 
editorial “The Brittle Brilliance.” 

Jerome L. Newman 
Seattle, Wash. 

U. S. Space Effort 

I am happy to see that somebody is enu- 
merating arguments for the continuance of 
the Apollo lunar program at its current pace. 
As Aviation Week mentioned in its edi- 
torial of Apr. 29 (Apollo and Its Critics), 
there are, indeed, many vital reasons why 
America must pursue the exploration of 
space at a maximum pace, but as yet few 
attempts have been made to disseminate 
these reasons to the American public. AW 
is an important organ of technology, but it 
doesn't often reach the layman. Popular 
journals continue to emphasize the hazards 
of manned space flight, the astronomical 
costs, the ingenious engineering applica- 
tions, and the exciting "spaceball game” 
with the Soviets. These are all very inter- 
esting and, when accompanied by attractive 
pictures, they make entertaining reading. 
But this scnsationalistic approach hardly 
serves to win public support for an endeavor 
which continues to wear an exotic halo as 


the somewhat curious child prodigy of sci- 
ence and technology. 

As much as w’C hate to admit it, our 
manned space program is funded as a prod- 
uct of reaction instead of action. Many 
congressmen and other public leaders must 
still be shaken by Russian space feats or 
inspired by the exploits of a selfless and 
courageous astronaut before they will drop 
their demands for a selective cheese-paring 
of the NASA budget. 

Let us pray, therefore, that Gordon 
Cooper goes at least thirty orbits, that Lunik 
V lands its payload on the moon with 
feather-like softness, and that the anticipated 
eight day Vostok flight is replete with 
the appropriate forebodings. Otherwise the 
space program may have to wait until Saturn 
orbits its nine tons of good drinking water 
in September for congressional inspiration 
and popular acclaim. 

Jim Huciiincson 
Atlanta, Ga. 


Ranger Sterilization 

In reference to the article entitled 
"Ranacr Sterilization" (AW Apr. 29, p. 26), 
I would like to make some corrective com- 
ments concerning the statements by Dr. 
Joseph Shea of NASA. 

If mission objectives establish sterilization 
as a spacecraft design requirement, then that 
vehicle is improperly designed if it is not 
compatible with sterilization techniques, 
since it is then not compatible with its own 
mission requirements. The question is: Do 
the mission objectives require sterilization 
to assure success? 

In the case of Ranger, it has been NASA 
policy to maintain a low level of contamina- 
tion on the moon to protect subsequent 
scientific samples (among other reasons). 

Ranger internal sterilization was obtained, 
to a degree, by heat, with waivers granted 
to preclude heating to sterilize any heat- 
sensitive component. Surface sterilization 
was accomplished with a sterilant gas. 

Since all known tests indicate that gas- 
eous surface sterilization docs not affect re- 
liability, Ranger problems were definitely 
not due to sterilization but, instead, were 
ordinary design problems unrelated to the 
inclusion of this requirement. It is, there- 
fore, grossly unrealistic to blame sterilization 
for the Ranger failures. 

For the Apollo project, internal steriliza- 
tion was never proposed nor implied, since 
this is a manned, soft landing which would 
obviously contaminate in case of a severe 
impact. Simple hospital aseptic procedures 
have been proposed, with prelaunch gaseous 
sterilization of space suits which essentially 
form the entry lock in the stored position. 
Purpose of the proposed aseptic measures 
on Apollo were to permit initial biological 
and chemical sampling to be effected asep- 
tically. Development of these techniques 
and equipment is essential to manned plane- 
tary exploration. 

A. M. Nowitzky, Head 
Spacecraft Sterilization Systems 
Lockheed Missiles and Space Co. 
Sunnyvale, Calif. 
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Actual width of record is 6 inches 


At Brush 
it’s a 
matter 
of 

record 



. . . and this record speaks for itself. It was made by the new 
oscillograph Series 2300 ... a product of Brush's advanced 
recording system design. Its unique optical system produces 
these high contrast traces ... at all writing speeds. An ex- 
tremely stable tungsten light source eliminates cluttered 
records caused by ultra-violet "jitter” or RF interference. 
The start-up of this low-cost lamp is virtually instantaneous. 
Overall system linearity is better than 2%. Eight record 
speeds are controlled by pushbuttons. Paper take-up is built- 
in. A complete line of accessories accommodates special re- 
quirements. So now, you can record over the whole range of 
most-used frequencies with Brush systems incorporating all 
the known refinements in oscillography. Write for full details. 


brush 


INSTRUMENTS 


DIVISION Of lei— EVITEl 37'" AND PERKINS, CIEVEIAND 14, OHIO 



[MAY 2H963 


things 
to look for 
in 

semiconductor 

testers 

(and where to find them) 




Capacity. Economical volume inspection of transis- 
tors, diodes, zener diodes and microcircuits is made 
possible by speed and versatility— key features of all 
Fairchild testers. An example: the Fairchild Series 100 
can make over 75,000 go/no-go decisions per hour. 



Display. Fairchild equipment is available with direct 
digital readout, go/no-go indication and a variety of 
data logging outputs. The Series 900, for instance, 
features direct digital display and can drive almost any 
type of recorder— typewriter, printer or tape punch. 



Operational Ease. Simple card programming, 
standard in many Fairchild testers, makes it possible 
to change tests or test conditions in minutes. Non- 
technical personnel can learn to operate any model in 
Fairchild's line of test equipment in a matter of hours. 


Design Sophistication. To avoid obsolescence, 
Fairchild uses modular construction so new tests can 
be added. Plug-in circuitry simplifies maintenance. 
Fairchild’s unique pulse testing and digital techniques 
insure accurate tests and repeatability of conditions. 


Write for more information on the entire Fairchild line— the widest in the industry. 


FAIRCHILD 


SEMICONDUCTOR 
(I N STR U M E NTATI O N) 


844 CHARLESTON RD„ PALO ALTO, CALIF., DAVENPORT 1-8088 *TWX: 415-492-9414 ■ FAIRCHILD SEMICONDUCTOR. A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 




